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PREFACE. 


The  present  volume  is  the  first  of  two  in  wliich  the  Upper 
Cretaceous  Rocks  of  England  will  be  described.  It  deals  with 
that  portion  of  tliese  rocks  which  inchides  the  strata  known  as 
the  (lault,  Red  Chalk,  «and  Upper  Greensand.  Our  presen 
knowlodsfc  of  tliis  subject  is  the  outcome  of  a  lono^  series  of 
observations  connnencmi'  with  those  of  William  Smith,  who 
was  followefl  by  Thomas  Webster,  William  Phillips,  Fitton, 
Munjhison,  and  Alantell.  Of  tln^se  jyreat  wurki.rs  we  are 
especially  indebted  to  Fitton.  In  later  years  the  formations 
received  nuich  attention  from  CJodwin-Austen,  while  their 
palieontological  contents  were  studied  in  more  detail  by  Mr. 
C.  J.  A.  Meyer,  Mr.  F.  G.  H.  Price,  Dr.  Charles  Barrois,  nnd  others. 
The  mapping  of  the  Upper  Greensand  and  Gnult  by  the 
Geological  Survey  on  the  scale  of  one  inch  to  a  mile  has  long 
been  finished  and  published.  When  a  revision  of  the  ground  for 
the  purpose  of  tracing  the  superficial  accunudations  on  luaps  on 
the  scale  of  six  inches  to  a  mile  was  decid(»d  upon,  advant^igc? 
was  taken  of  tlu;  opportunity  to  make   suc^h   revisions   of  tlie 

5ul)lished  maps  as  tune  had  shown  to  be  (l(^sira))le.      In  this  way 
otailed  surveys  have  now  been  made  of  the  l^pper  <  -n^taceous 
rocks  over  a  large  part  of  the  south  of  England. 

In  pursuance  of  the  scheme  l«)r  issuing  a  smes  of  (b'Scriptive 
monographs  of  the  various  rocks  of  liritain  by  the  G<H>logi(?al 
Survey,  the  task  of  preparing  one  on  the  Cretac^eous  System 
was  entrusted  to  Mr.  Jukes- Browne.  It  was  eventuallv  found 
needful  to  divide  the  labour  between  two  (jfiiccrs  oi'  the  staiV. 
Mr.  Jukes-Bruwne  retainenl  the  Upner  Cretiiceous  rocks  iis  his 
share.  He  lias  himself  been  personally  engaged  in  luapping  iht; 
rocks  and  has  also  devoted  nuich  time  to  the  study  of  the 
literature  att^iched  to  them.  He  has  more  specially  examined 
various  parts  of  the  Cretaceous  tract  from  Lincolnshire  and 
Norfolk  to  Devonshire,  and  has  revised  somt>  of  the  published 
maps,  in  particular  insm'ting  the  outcrops  of  the  Melbourri  Rock 
an(l  ('hallv  Rock. 

The  accMUUulation  of  the  materiol  for  the  present  AIcMuoir  was' 
begtm  by  Mr.  Jukes- Browne  as  far  back  as  the  year  IS84.  But  in 
the  earlier  years  comparatively  little  time  could  be  spared  from 
other  ofiicial  duties  for  tJie  actual  preparation  of  tin*  iriemoir. 
Eventually  his  lu^alth  began  to  fait  an<l  it  became  no  longer 
possible  for  him  to  midertake  all  the  field-journeys  that  were 
necessiiry  for  completing  the  infoi-mation  that  was  retjiu'red.  He 
was  fortunate  in  finding  in  his  friend  Mr.  ^\'illiam  Hill  an  able 
and  experienced  ex>adiutor  who,  thoroughly  familiar  with  the 
formations,  most  kindly  imdertook  those  journeys  and  suppliiMl 
the  author  with  the  material  which  he  was  no  longer  able  hunself 
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IV  PREFACE. 

to  gather.  Ho  traversed  the  outcrops  of  the  foriiuitions  through 
Kent  and  Surrey,  and  also  through  parts  of  Hampshire,  Sussex, 
and  the  Isle  of  Wight.  The  Geological  Survey  is  deeply 
indebted  to  Mr.  Hill  for  nis  laborious  and  helpful  assistance. 

In  the  present  volume  the  author  has  begun  his  description 
with  a  general  account  of  the  Upper  Cretaceous  series  and  of  the 
flexures  to  which  the  present  (lisposition  and  alignment  of  the 
members  of  that  series  are  due.  The  history  of  the  names  which 
have  been  riven  to  the  several  formations  is  next  narrated,  and  it 
is  explained  that  the  whole  might  be  gfrouped  under  one  general 
designation  for  which  tlie  term  Selboniian  nas  been  proposed.  A 
short  discussion  is  then  given  of  the  value  of  zoiies  in  stratigraphy 
with  special  application  to  those  of  the  Cretaceous  Rocks.  The 
three  chapters  m  which  these  several  subjects  are  treated  may  be 
regarded  as  in  some  measure  iutroductorj'  to  the  completed  mono- 
graph on  the  Cretaceous  System,  and  not  merely  to  the  descrip- 
tion of  that  portion  of  the  system  to  which  the  present  volume  is 
assigned. 

In  the  fourth  chapter  a  general  account  is  given  of  the 
Selbornian  Stage  as  a  whole,  and  of  its  three  groups  or  sub- 
stages, — (1)  Tlie  Lower  Gault:  (2)  The  Upper  Gault  and  Devizes 
Beds ;  (8)  The  Warminsu>r  Beds.  The  more  important  uf  the 
fossils  found  in  each  of  these  groups  are  mentioned  and  some  of 
them  are  illustraied  by  figures. 

In  arranging  the  stratigraphical  particulars  and  in  describing 
the  exposures  of  the  b(Mls  the  author  has  made  his  chaj)ters  as 
far  as  possible  coincide  with  the  division  of  the  coun<r\^  into 
counties.  These  details  occupy  Chapters  V.  to  XXII.  Mr.  Hill's 
contributions  to  these  are  chiefly  in  Chapters  V.  VI.  Vil.  VII f. 
and  IX.,  and  the  account  of  the  lied  Chalk  of  York.shire  is  mainly 
taken  from  Mr.  Hill's  description  in  the  Quarterly  Journal  of  the 
Geological  Society,  vol.  xliv. 

Some  infonnation  and  illustrations  have  been  taken  from 
previously  published  Memoirs  (»f  the  Geological  Survey,  especially 
those  on  the  Isle  of  Wight  (by  A.  Strahan),  on  the  Isle  of  Purbeck 
(by  A.  Strahjin),  those  on  West  Suffolk  and  West  Norfolk  (by  W. 
Whitaker  and  A.  J.  Jukes-Browne),  and  that  on  «he  neighbour- 
hood of  Cambridge  (by  W.  H.  Penning  and  A.  J.  Jukes-Browne). 

In  Chapter  XXII I.  are  collected  mo.st  of  the  analyses  which 
,  have  been  made  of  Selbornian  rocks.     They  include  some  not 

Ereviously  published,  which  have  been  made  by  Prof.  J.  B. 
[arrison'  Mr.  R.  A.  lierrv,  and  Dr.  W.  Pollard. 
Chapters  XXIV.  and  XXV.  have  been  written  almost  entirely  by 
Mr.  Hill  and  embody  researches  made  bv  him  into  the  mineral 
and  organic  constituents  of  the  deposits,  ascertained  partly  by  the 
washing  of  samples,  parily  by  examination  of  residues  after  treiit- 
ment  with  acia,  and  partly  from  slides  cut  for  the  microscope. 
During  the  course  of  this  work  Mr.  Hill  Isolated  many  Foraminifera, 
and  we  are  indebted  to  Mr.  F.  Chapman  for  examining  and 
naming  these,  the  results  thus  obtained  being  embodied  in  a  table  on 

6351.     In  the   indentilication  of  the  minerals  of  the    residues 
r.  Hill  received  valuable  assistance  from  Mr,  J.  J.  H.  Teall. 


PREFACE  V 

In  Clittpter  XXVIU.  the  author  has  discussed  the  probable 
geography  of  the  British  area  during  the  Selbornian  period,  as 
well  as  tne  bathymetrical  conditions  under  which  the  deposits 
seem  to  have  been  formed. 

Economics  are  dealt  with  in  Chapter  XXIX.  and  Palaeontology 
in  the  Appendices  A  and  B,  the  tirst  containing  some  critical 
remarks  on  certain  species  and  the  second  being  a  general  list  of 
Fossils. 

Although  Mr.  Jukes-Browne  is  chietiy  responsible  for  the 
Palffiontological  portions  of  this  memoir,  Mr.  G.  Sharman  and 
Mr.  E.  T.  Newton  have  exercised  a  general  supervision,  and  to 
them  also  has  fallon  the  task  of  rectifyinsr  numerous  obscure 
points  of  sjiionymy  and  nom(»nclature.  The  spocitic  deter- 
mination of  the  fossils  collected  by  the  Survey  has  likewise  l)eon 
carried  out  by  these  officers,  tussisted  by  Mr.  H.  A.  Allen  and  Dr. 
F.  L.  Kitchin.  The  fossils  obtained  by  the  Survey  have  for  the 
most  part  been  collected  by  Mr.  J.  Rhodes  under  the  super- 
intemience  of  Mr.  Jukes-Browne  and  Mr.  A.  Strahan. 

In  addition  to  the  great  services  rendered  by  Mr.  Hill  the 
author  desires  to  acknowledge  the  valuable  assist^mce,  as  to 
sections  and  fossils  obUxined  from  them,  given  to  him  by  Mr.  R. 
M.  Brydone,  Mr.  F.  Chapman,  Mr.  William  Cumiiugton,  Dr.  W. 
Curtis  of  Alton,  Dr.  G.  J.  llinde,  F.R.S.,  and  Mr.  J.  B.  Hue  of 
Ventnor. 

The  second  volmue  in  continuation  of  the  present  deals  with 
the  Chalk  and  is  nearly  ready  for  the  printer.  Considerable 
progress  has  been  made  in  the  pn^paration  of  the  material  for 
the  Memoir  on  the  Lower  Cretaceous  formations. 

ARCH   GEIKIE, 

Director-General. 

Geological  Survey  Office, 
28,  Jermyn  Street,  London, 
20th  March,  1900. 
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THE    GAULT  AND    UPPER    GREENSAND 

OF  ENGLAND. 


CHAPTER  I. 
INTRODUCTION. 

The  Upper  Cretaceous  Series. 

Tlie  Cretaceous  System  of  Englaud  is  naturally  divisible  into 
two  distinct  and  different  series  of  strat^i ;  a  lower  series  consisting 
of  a  variable  set  of  sands  and  clays,  with  only  a  few  local  beds  of 
limestone  or  calcareous  sandstone ;  and  an  upper  series  consisting 
mainly  of  chalk,  but  havin.(  at  its  base  a  group  of  greensands, 
marls,  and  marly  clays. 

In  this  Memoir  the  upper  series  only  will  be  dcidt  with,  and 
this  Upper  Cretaceous  Series  will  be  regarded  as  consisting  of 
four  stages,  o;:  groups  of  strata,  for  which  the  following  names 
will  be  used ; — 

4.  Upper  Chalk. 

3.  Middle  Chalk. 

2.  Lower  Chalk. 

1.  Gault  and  Upper  Greeksand  (Selbornian). 

These  stages  vary  greatl^^  in  thickness  in  different  parts  of  the 
country,  but  their  combmed  thickness  where  they  arc  most 
completely  developed  is  about  1,900  feet.  Such  is  their 
thickness  in  the  Isle  of  Wight  and  probably  also  beneath .  the 
central  parts  of  the  Hampshire  Basin.  In  the  London  Basin  the 
series  is  incomplete  on  account  of  pre-Tertiary  and  Eocene 
erosion,  and  does  not  exceed  1,000  feet;  but  in  the  east  of 
Norfolk  the  higher  beds  come  in  again,  and  though  the  lower- 
most division  (Selbomian)  is  very  much  thinner  than  in  the 
south,  the  whole  series  is  about  1,200  feet  thick.  Its  thickness  in 
Yorkshire,  near  Bridlington  and  Flamborough  Head,  is  probably 
about  the  same  as  in  Norfolk,  the  most  recent  estimate  of  its 
thickness  by  Mr.  G.  W.  Lamplugh  being  1,270  feet. 

1.  The  Selbornian  comprises  the  beds  which  are  generally 
known  as  the  Gault  and  the  Upper  Greensand.  It  is  not 
intended  to  supersede  these  names  on  the  maps  of  the  Geological 
Survey,  because  on  these  maps  it  is  always  desirable  to  represent, 
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as  far  as  possible,  by  different  colours  the  deposits  of  different 
lithological  character;  moreover,  in  the  description  of  certain 
areas,  it  will  still  be  convenient  to  speak  of  the  argillaceous 
and  arenaceous  portions  of  the  formation  as  Gault  and  Upper 
Greensand.  A  new  name,  however,  is  required  for  the  stage 
as  a  whole,  to  prevent  the  perpetuation  of  the  error  that 
the  Gault  and  Greensand  are  separate  and  independent  forma- 
tions. Further  explanation  of  this  matter  will  be  given  in  the 
sequel.  In  the  counties  of  Yorkshire,  Lincolnshire,  and  part  of 
Norfolk,  the  Selbomian  is  represented  by  the  rock  wnich  is 
known  as  the  Red  Chalk. 

The  name  Selbomian  has  been  chosen  from  the  well-known 
village  of  Selborne,  in  Hampshire,  where  Gilbert  White  lived  and 
laboured  more  than  a  hundred  years  ago.     {See  p.  30.) 

2.  The  Lower  Chalk  comprises  the  beds  which  were  formerly 
known  as  Chalk  Marl  and  Grey  Chalk,  as  well  as  a  certain 
thickness  of  the  "  white  chalk  witnout  flints."  Over  the  greater 
part  of  England,  its  ba.sement  bed  is  a  sandy  glauconitic  marl,  often 
containing  phosphatic  nodules ;  in  certain  areas  this  has  been 
called  the  Cnloritic  Marl,  in  others  the  Cambridge  Greensand ;  but 
over  the  area  of  the  Red  Chalk  its  lowest  bed  is  a  pure  limestone 
without  any  admixture  of  sand.  Its  summit  is  ^nerally  defined 
by  a  band  of  grey  marl  in  which  the  Belemmte  Actinocainax 
plenus  is  frequently  to  be  found. 

The  total  thickness  of  the  Lower  Chalk  varies  from  260  to 
about  60  feet.  In  Devon  its  place  is  taken  by  calcareous  sand- 
stone and  quartziferous  limestone,  varying  from  1  to  40  feet  in 
thickness. 

It  corresponds  with  the  true  (restricted)  Cenomanian  of  France. 

3.  The  Middle  Chalk  consists  partly  of  hard  rocky  or 
nodular  chalk  and  partly  of  firm  white  chalk.  Its  basement- 
bed  is  the  hard  nodular  chalk  to  which  the  name  of  Melboum 
Rock  has  been  given.  Flints  are  generally  absent  from  the 
lower  part,  are  sparingly  distributed  in  its  middle  portion,  but 
are  sometimes  numerous  in  the  higher  beds. 

As  defined  in  this  Memoir  the  Middle  Chalk  does  not  include 
the  Chalk  Rock  of  the  Midland  and  Eastern  counties,  but  does 
include  the  bed  to  which  that  name  has  been  applied  in  Dorset 
and  in  the  Isle  of  Wight.  Where  fully  developed,  as  in  the 
south-eastern  counties,  the  Middle  Chalk  is  about  240  feet  in 
thickness,  but  in  some  districts  it  is  not  much  more  than 
100  feet. 

It  corresponds  with  the  Turonian  stage  of  French  geologists. 

4.  The  Upper  Chalk  is  less  variable  in  lithological  character 
than  the  Middle  or  Lower  divisions;   it  consists  in  the  lowest 

Eart  of  hard  nodular  chalk,  in  which  beds  of  compact  limestone 
•equently  occur,  one  of  which  is  known  as  the  Chalk  Rock ;  the 
greater  part  of  this  division,  however,  consists  of  soft  white  chalk 
m  which  flints  are  generally  abundant,  but  there  is  a  certain  zone 
or  portion  of  it  where  flints  are  less  common  and  which  is  some- 
times ahnost  flintless. 
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Where  fully  developed  the  Upper  Chalk  is  more  than  1,000 
feet  thick,  but  its  actual  thickness  varies  greatly  in  different' pkrte 
of  the  country,  owing  to  the  great  erosion  wmch  it  suffered'  at 
the  close  of  the  Cretaceous  and  during  the  Eocene  period. 
Thus  in  the  central  parts  of  the  London  Basin,  its  thickness  has 
been  reduced  to  between  200  and  300  feet,  and  though  it  may 
never  have  been  1,000  feet  thick  in  that  area,  it  is  propable  that 
several  hundred  feet  of  chalk  were  removed  before  the  formation 
of  the  lowest  Eocene  beds. 

It  corresponds  to  the  Senonian  of  the  French. 

Relation  of  the  Upper  Cretaceous  Series 
to  the  Strata  below. 

The  Upper  Cretaceous  Series  as  a  whole  succeeds  the  Lower 
Cretaceous  Series  conlprmably,  but  there  is  evidence  that  very 
considerable  physical  and  geographical  changes  took  place  at 
the  inception  of  the  upper  series.  It  is  true  that  sometimes 
there  is  a  passage  from  the  one  series  to  the  other,  but  it  is 
generally  rapid,  and  there  is  more  often  a  sudden  transition  from 
pure  sand  to  sandy  clay,  and  frequently  there  is  a  pebble-bed  or 
a  layer  of  phosphatic  nodules  at  the  base  of  the  SelDomian. 

It  is  also  well  known  that  the  upper  series  overlaps  the  lower, 
and  spreads  far  beyond  the  limits  of  the  latter  both  in  the  east 
and  in  the  west  of  England.  Such  a  disposition  can  only  have 
been  caused  by  a  general  and  considerable  subsidence  of  the 
whole  region,  whereby  the  area  of  the  Cretaceous  sea  was  greatly 
enlarged  and  that  of  the  surrounding  lands  was  correspondingly 
decreased.  By  this  subsidence  the  conditions  of  sedimentation 
in  the  central  parts  of  the  sea  were  rapidly  modified,  and  this  is 
the  reason  why  we  find  such  a  change  m  the  nature  of  the  sedi- 
ment when  we  pass  from  the  Lower  to  the  Upper  Cretaceous 
Series.  Arenaceous  deposits  were  limited  to  narrow  tracts  along 
the  retreating  shores,  and  an  extensive  deposit  of  mud  began  to 
be  formed.  This  mud,  now  consolidated  into  clay  and  marl,  is 
known  as  the  Gault. 

The  overlap  of  the  Lower  Greensand  by  the  Gault  toward  the 
east  is  not  visible  in  England,  iEind  we  only  know  that  it  does 
take  place  because  deep  Dorings  in  the  east  of  England  have 
proved  that  the  Lower  Cretaceous  beds  thin  out  and  that  the 
Gault  comes  eventually  to  lie  directly  on  the  Palaeozoic  rocks. 
This  subterranean  extension  of  the  Gault  will  be  described  more 
fully  in  the  sequel.  In  the  north-east  of  France,  however,  some 
of  tne  littoral  aeposits  formed  during  this  overlap  are  visible  at 
the  surface. 

The  transgressive  extension  of  the  Selbornian  in  a  westerly 
direction  is .  plainly  disclosed  in  our  south-midland  and  souths 
western  counties.  Thus  in  Wiltshire  if  we  follow  the  outcrop  of 
the  Gault  from  the  opening  of  the  Vale  of  Pewsey  toward  Frome, 
we  find  it  overlapping  the  Lower  Greensand  and  then  passing 
unconformably  across  the  Portland  Beds,  the  Kiineridge  Clay 
and  the  Corallian  on  to  the  Oxford  Clay. 
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4  CRETACEOUS  ROCKS  OF  BRITAIN. 

Similarly  in  South  Dorset  the  Lower  Greensand  thins  out 
between  Mupe  Bay  and  Lulworth  Cove,  the  Gault  at  the  latter 
place  resting  directly  on  the  the  Wealden  Beds ;  these  terminate 
near  Weymouth,  and  the  Gault,  hardly  distinguishable  from  the 
Upper  Greensand  into  which  it  merges,  then  passes  across  the 
basset  surfaces  of  the  several  members  of  the  Jurassic  Series  till 
it  reaches  the  Rh^etic  Beds  near  Axmouth.  Continuing  the 
overstep  it  creeps  over  the  Triassic  rocks  till  finally  in  the  Haldon 
Hills  Greensand  rests  on  the  lower  part  of  the  New  Red  Series 
(Permian),  and  is  within  100  feet  of  the  Palaeozoic  floor. 

As  the  Selbornian  is  followed  westward  the  argillaceous  portion, 
or  Gault,  becomas  more  and  more  sandy,  and  at  the  same  time 
Cephalopoda  become  rarer,  so  that  it  is  difficult  to  say  how  far 
its  lower  beds  (i.^.  the  Lower  Grault)  continue  before  they  are 
overlapped  by  the  upper  part  of  the  formation.  We  shall  see, 
however,  that  there  is  good  reason  to  believe  that  the  lower  beds 
extend  into  Devonshire. 

Oeneral  Lie  and  Position  of  the  Strata. 

The  area  occupied  by  the  Upper  Cretaceous  series  lies  mainly 
in  the  south  and  cast  of  England,  as  will  be  seen  from  a  glance 
at  the  map  (Frontispiece).  By  surface-outcrop  and  subterranean 
extension  they  occupy  the  greatdr  part  of  the  country  which  lies 
to  the  east  ot  a  line  drawn  from  West  Dorset  to  the  opening  of 
the  Wash.  A  separate  tract  occupies  parts  of  Lincolnshire  and 
Yorkshire  as  far  north  as  the  Vale  of  Pickering,  and  there  are 
outlying  tracts  in  the  oast  of  Devonshire. 

The  general  inclination  of  the  Cretaceous  strata  is  toward  the 
east,  but  this  easterly  dip  is  interrupted  by  several  anticlinal 
flexures  which  liave  an  east  and  west  direction  and  produce  loail 
dips  to  the  north  and  south. 

Several  of  these  flexures  combine  to  form  the  great  anticlinal 
axis  of  the  Weald,  which,  being  continued  through  Hants  and 
Wilts,  separates  what  is  known  as  the  Hampshire  Basin  from 
the  London  Biisin.  Other  flexures  of  less  importance  have 
produced  what  may  be  termed  the  north-eastern  basin  in 
Lincolnshire  and  Yorkshire. 

Beyond  the  limits  of  English  land  the  Chalk  extends  eastward 
beneath  the  floor  of  the  North  Sea,  and  is  doubtless  continuous 
with  that  of  Belgium  and  Holland.  It  also  extends  south- 
eastward beneath  the  English  Channel  into  the  north  of  France, 
where  it  underlies  the  whole  of  the  Paris  basin. 

Principal  Lines  of  Flexure  and  Disturbance. 

In  the  South  of  England  there  are  three  principal  lines  ot 
disturbance  along  which  the  beds  are  ridged  up  into  anticlinal 
flexures,  which  have  a  general  east  and  w?st  direction.  These 
are  as  follows : — 

(1.)  The  strong  flexure  which  traverses  South  Dorset  and  the  Isle  of 
Wight  y  this  is  l)elieved  to  be  continuous  with  the  anticlinal  axis  of  the 
Pp.ys  do  Bray  in  France,  which  passes  through  Dieppe  and  north-east- 
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ward  under  the  English  Channel    in  the  direction  of  the  Isle  of 
Wight. 

(2.)  A  disturbed  tract,  which  is  not  a  continuous  line  of  flexure,  but 
consists  of  a  series  of  more  or  lass  local  and  parallel  flexures,  dying  out 
and  replacing  one  another.  This  tract  extends  from  the  Vales  of 
Wardour  and  Warminster,  through  central  Hants  and  the  southern  part 
of  Sussex. 

(3.)  Tlie  anticlinal  axis  which  runs  through  the  Vale.s  of  Pewsey  and 
Kingsclere.  This  is  i)robiiMy  continued  eastward  into  the  flexure  which 
rolls  over  northward  into  the  Hog's  l^k,  neiir  Farnham.  It  dies  out 
near  Dorking,  or  l>ecomes  merged  in  the  general  nnlift  of  the  Wealden 
area,  which  is  often  regardetl  as  an  extension  of  tlie  axis  of  Artois,  in 
the  north-east  of  France. 

It  is  noticeable  that  along  each  line  of  disturbance  the 
anticlines  tend  to  assume  a  wave-like  fonn,  with  a  nuich  steeper 
inclination  on  the  nortliem  than  on  the  southern  side.  The 
height  and  magnitude  of  the  arch  and  the  steepness  of  its 
northern  slope  vary  greatly  in  dittcrent  localities  along  the  same 
line  of  flexure,  portions  of  the  anticline  often  swelling  upward 
into  local  domes  or  boinheiiwnts^likethixt  of  the  Vale  of  Kmgsclere.^ 

The  southern  line  of  disturbance  is  the  strongest  and  probably 
the  most  continuous,  the  strata  along  its  northern  border  being 
tilted  into  a  vertical  or  nearly  vertical  position,  and  in  Dorset 
being  dislocated  by  a  line  of  fault,  along  which  much  crushing 
and  compression  have  taken  place.  Most  geolojjists  are  familiar 
with  the  general  features  of  this  flexure  as  exhibited  in  the  cliflfs 
of  the  Isle  of  Wight,  but  the  displacements  in  Dorset,  although 
pictured  by  Webster  and  others,  were  not  fully  understood  until 
they  were  studied  and  described  by  Mr.  Strahan.  - 
Fig.  1  is  reproduced  from  Mr.  Strahan's  Memoir,  to  which  the 
reader  is  referred  for  further  particulars  of  the  faulting  and 
overthrust^. 

The  second  lino  of  disturbance  is  a  inore  complex  one;  it 
appears  to  consist  of  several  separate  and  parallel  flexures 
(anticlinal  and  synclinal)  which  die  out  eastward,  and  are  replaced 
by  another  set  of  similar  flexures. 

In  the  west  the  strongest  and  most  conspicuous  flexure  of 
this  group  is  that  of  the  Vale  of  Wardour.  The  structure  of 
this  district  resembles  that  of  the  Isle  of  Purbeck,  tHe  beds 
having  a  gentle  inclination  to  the  south,  but  a  steep  pitch  to  the 
north,  along  which  border  they  are  cut  ofli*  by  a  powerful  fault. 
(See  Fig.  67).  Notwithstimdin^  the  local  intensity  of  this 
flexure,  in  which  the  northerly  dips  sometimes  amount  to  SO**  or 
60",  it  appears  to  die  out  entirely  to  the  south-east  of  Barford. 
Another  nexure,  however,  commences  to  show  itself  at  Berwick 
St.  John,  east  of  Shaftesbury,  and  is  traceable  through  Bower 
Chalk  and  eastwanl  between  Salisbury  and  Downton  to  East 
Dean  and  Dunbridge,  where  it  also  dies  out.  The  length  of  this 
axis  is  not  more  than  24  miles,  and  its  curvature  is  everywhere 
slight. 

'  See  also  Hudleston,  Proc.  Oeol.  Assoc,  vol.  vii.,  p.  179. 
2  See  Proc.  Geol.  Assoc.,  vol.  xiv.,  p.  406  (1896)  and  "The  Gex>logy  of  the 
Isle  of  Purb^k  ft»4  Weymouth,"  Mem,  G^l  »urv.,  p.  gl2  (1898). 
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8  CRETACEOUS  ROCKS  OF  BRITAIN. 

To  the  northward  a  third  flexure  occurs,  also  of  slight 
curvature,  but  traceable  for  a  greater  distance.  Tnis 
traverses  Longleat  and  the  Vale  of  Warminster,  passes  down 
the  valley  of  the  river  Wiley  to  Stapleford,  crosses  the  Avon 
north  of  Salisbury,  reappears  at  Winchester,  and  passes  into 
the  Weaklen  area  by  East  Meon  and  Petersfield.  This  has 
a  course  of  at  least  60  miles,  and  may  be  regarded  as  an 
easterly  continuation  of  the  more  ancient  axis  oi  the  Mendip 
Hills. 

Passing  into  Sussex  we  find  several  flexures  which  certainly 
form  a  continuation  of  the  disturbed  tract,  although  they 
appear  to  be  a  distinct  and  independent  set  of  axes.  Tlie  most 
southerly  line  is  the  anticline  ot  Portsdown,  which  runs  through 
Fareham  and  thence  south  of  Chichester  to  Littlehampton 
(see  Figs.  2  and  3);  it  is  probably  continued  still  further  eastward 
beneath  the  sea,  and  may  possibly  be  the  same  flexure  as 
.that  at  Treport  and  the  axis  of  Bresle,  in  France. 

North  of  this  anticline  is  a  syncline  which  runs  through 
Chichester,  Arundel,  and  Lancing,  bringing  in  a  trough  of 
the  Lower  Eocene  Beds.  Bevond  this  comes  another  anticlinal 
axis,  the  western  extension  of  which  through  the  Chalk  area 
was  traced  by  Mr.  C.  Reid^  in  1885,  and  is  shown  in  Fig.  3. 
This  axis  coincides  with  the  direction  of  the  vallev  in  which 
East  and  West  Dean  are  situated,  and  emerges  from  the 
Chalk  Downs  near  Bignor.  The  same  or  a  parallel  axis, 
called  the  Greenhurst  anticline  by  Mr.  Topley,-  brings  up  a 
narrow  tract  of  Weald  Clay  along  the  valley  in  which 
Greenhurst  Farm  stands.  Thence  it  passes  across  the  Adur, 
enters  the  Chalk  again  near  Poynings,  and  crosses  the  Ouse 
south  of  Lewes,  where  northerly  dips  are  seen  in  the  Souther- 
ham  Quarries.  Thence  it  ranges  through  Selmeston,  and  is 
probably  continued  to  Pevenscy  and  the  coast. 

Parallel  to  this  Greenhurst  anticline  there  is  a  second  synclinal 
trough,  which  apj)ears  to  commence  in  Burton  Park  south  of 
Petworth,  brings  in  the  tongue  of  Lower  Greensand  and  Gault 
near  Henfield  and  passes  beneath  the  escarpment  of  the  South 
Downs  at  Clayton.  It  crosses  the  valley  of  the  Ouse  at  Lewes, 
is  clearly  seen  in  Mt.  Cabum,  and  is  traceable  in  the  outcrops 
of  Gault  and  Lower  Greensand  near  Rype. 

Coming  to  the  third  main  line  of  aisturbance,  we  find  this 
forming  the  Vale  of  Pewsey  in  Wiltshire.  At  its  western  end 
near  Devizes  and  as  far  east  as  Woodborough  the  arch  of  this 
anticline  is  very  low,  and  outliers  of  Chalk  occur  on  the  Greensand 
in  the  centre  of  the  Vale,  but  in  the  eastern  part  of  the  Vale  the 
curvature  is  much  stronger,  and  the  dips  on  the  northern  side 
increase  to  25°  and  30";  those  on  the  southern  side,  however,  do 
not  anywhere  exceed  an  angle  of  5°.  The  Vale  ends  in  a  kind  of 
pericline  with  dips  to  the  south,  east,  and  north-east,  but  the 
axis  is  continuecl  by  the  Shalboum  inlier,  where  the  Upper 
Greensand  is  again  brought  up  to  the  surface  over  a  small  area 

*  (ireology  of  Bognor,  Mem,  Geo],  Surv.,  \k  1  (1897). 
«  Qer^logy  of  the  Weald,  Mem.  Geol,  Surv.,  p.  ?^5  (1875), 
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10  CRETACEOUS  BOCKS  OF  BRITAIN. 

It  re-appears  in  the  Vale  of  Kingsclero,  which  may  be  described 
as  a  local  bulging  of  the  flexure  into  an  oblong  pericline ;  the 
length  of  the  tract  of  Upper  Greensand  exposed  in  this  inlier  is 
about  five  miles ;  the  dips  to  the  north  arc  very  steep,  but  those 
to  the  south  are  gentle,  as  is  so  often  the  case. 

Whether  this  axis  dies  out  in  Hants  or  not  is  difficult  to  say, 
but  in  any  case  it  is  barely  apparent  along  the  western  border  of 
the  Wealden  area.  It  is  probable,  however,  that  the  uplift  of  the 
valley  of  the  Wey,  which  pitches  so  steeply  northward  below  the 
ridge  of  the  Hog's  Back,  is  another  bulge  along  the  same  line  of 
disturbance  (Fig.  4).  The  following  account  is  quoted  from  Mr. 
Topley's  Memoir : — "  The  crest  of  this  flexure  apparently  begins 
near  Bentley,  and  goes  along  the  valley  of  the  Wey  past  Famham 
to  Compton,  at  the  western  end  of  the  Weald  Clay  inUer  at  Pease 
Marsh.  On  the  northern  side  of  this  line  the  aip  is  very  high, 
sometimes  exceeding  40\  On  the  south  side  the  dip  is  less,  and 
the  beds  are  sometimes  flat  or  only  slightly  rolled  over.  On  the 
east  of  Pease  Marsh  the  line  is  prolonged  past  Albury  Park,  where 
it  is  distinctly  anticlinal,  towards  Wotton."  (See  Fig.  5,  which 
is  taken  from  the  same  Memoir.) 

This  flexure  appears  to  die  out  near  Abingor;  at  any  rate,  it  is 
riot  traceable  nirther  in  that  direction,  but  the  anticline 
described  by  Mr.  Topley  as  running  through  Bidborough  and 
Brenchley  may  be  developed  along  the  same  line  of  disturb- 
ance. 

From  the  great  uplift  of  the  Wealden  area  the  Cretaceous 
rJDcks  pass  beneath  the  corresponding  trough  or  syncline  of  the 
London  Basin,  and  north-west  of  this  we  have  the  long  range  of 
ttie  main  escarpment  of  the  Chalk,  forming  the  Chiltem  Hills 
and  their  prolongation  through  Hertfordshire,  Bedfordshire  and 
(Cambridgeshire. 

North  of  ihe  London  Basin  there  are  no  great  flexures 
comparable  with  those  of  southern  England,  the  only  flexure 
wortii  noting  being  one  running  from  near  Royston  eastward  to 
the  valley  of  the  Cam.  Beyond  this  the  Cretaceous  strata 
spread  out  through  the  coimties  of  Cambridge,  Suffolk  and 
ISorfolk,  with  only  some  slight  and  local  undulations,  and 
having  otherwise  a  gentle  but  steady  inclination  to  the  east. 

The  separation  of  the  Lincolnshire  Wolds  from  the  Norfolk 
plateau  is  due  to  a  slight  uplift,  along  an  east  and  west  axis, 
which  produces  northerly  dips  along  tne  southern  boundary  of 
tke  Cretaceous  beds  in  Lincolnshire.  The  southern  ena  of 
the  Lincolnshire  Wolds  from  Candlesby  to  the  valley  of  the 
Calceby  beck  is  a  shallow  synclinal  basin,  flanked  on  the  east  by 
an  anticline  which  brings  up  the  Lower  Cretaceous  Series  below 
tjhe  Drift  Deposits  (see  Fig.  6).  The  direction  of  these  flexures 
isfromN.W:toS.E. 

The  main  escarpment  in  Lincolnshire  has  a  similar  trend,  and 
tilhe  outcrops  in  Lincolnshire  and  Yorkshire  evidently  form  part 
6f  one  lai^e  basin,  the  central  axis  of  which  lies  beneath  the  sea, 
4nd  has  the  same  direction  as  the  smaller  axes  above  mentioned. 
TWs  basin  is  terminated  on  the  north  by  an  anticline  which  has 
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12  CRETACEOUS  ROCKS  OF  BRITAIN. 

an  cast  and  west  axis  coinciding  with  the  direction  of  the  Vale  of 
Pickering. 

It  remains  only  to  describe  the  flexures  which  have 
deteniiined  the  arrange^nent  and  lie  of  the  south-western  outliers 
of  Cretaceous  beds  in  the  counties  of  Dorset  and  Devon.  The 
great  syncline  of  the  Hampshire  basin  terminates  in  West  Dorset 
rather  abruptly,  and  is  succeeded  by  a  periclinal  area  the 
curvature  or  dome  of  which  is  but  small,  yet  it  exercises  an 
important  influence  on  the  physical  geography  of  the  country. 

On  geological  maps  this  pericline  is  indicated  by  an  area  of 
Jurassic  rocks  from  which  all  traces  of  the  Cretaceous  strata 
have  been  removed,  but  which  is  bordered  by  outliers  of  these 
strata  on  the  north,  west,  and  south,  while  eastward  it  slopes 
beneath  the  escarpment  in  which  the  Hampshire  basin 
terminates.  This  T)ericline  is  shown  in  Fig.  7 ;  in  its  western 
part  there  is  a  low-lying  tract  of  Liassic  clays,  about  five  miles 
long  by  three  broad,  which  is  known  as  the  Vale  of  Marshwood, 
and  bears  some  resemblance  in  its  general  features  to  the  Weald 
of  Kent  and  Sussex,  only  on  a  miniature  scale. 

West  of  this  again  is  an  area  including  parts  of  Dorset, 
Somerset,  and  Devon,  in  which  there  are  many  irregular  outliers 
of  the  Cretaceous  stratji.  Their  irregularity  is  partly  due  to  a 
number  of  faults  and  minor  flexures,  but  more  largely  to  the 
general  high  level  of  the  Cretaceous  tract  and  its  consequent 
dissection  by  the  valleys  of  the  brooks  which  drain  into  the 
rivers  Axe  and  Otter. 

On  the  north  is  the  high  ridge  of  the  Blackdown  Hills,  and  in 
the  south  between  Lyme  Regis  and  Branscombe  there  is  a 
decided  tendency  to  a  synclinal  arrangement ;  indeed  the  isolated 
tracts  of  Chalk  round  Rousdon  and  Beer  may  be  regarded  as  part 
of  a  basin  the  centre  of  which  has  been  invaded  by  the  sea.  It 
is  not  unlikely  that  some  Chalk  occurs  in  situ  below  the  sea  to 
the  south  of  the  places  above  mentioned. 

Still  further  west,  between  the  valleys  of  the  Exe  and  the 
Teign,  are  the  Haldon  Hills,  which  are  capped  by  the  most 
westerly  outliers  of  the  Cretaceous  rocks  in  England.  As  might 
be  expected,  these  appear  to  owe  their  survival  to  a  slight 
synclinal  flexure,  and  we  may  infer  that  the  reason  why  no  trace 
of  these  rocks  remains  in  tfie  area  between  the  Otter  and  the 
Exe^,  is  that  this  tract  coincides  with  a  slight  anticlinal  flexure 
of  post-Cretaceous  date,  too  sUght  to  be  noticeable  in  local  dips, 
but  sufficient  to  have  lifted  the  Greensand  to  a  higher  elevation 
than  it  occupies  in  the  Haldon  Hills  or  in  those  near  Sidmouth . 


*  Two  outliers  of  Upper  Greensand  are  marked  on  the  Geological  Survey 
Mai)  (She€t  22),  on  Woodbury  Common  and  on  Black  Hill  north-west  of 
Bualeigh  Salterton.  These  tracts,  however,  are  no  longer  regarded  as  of 
Cretaceous  age  ;  they  have  been  shown  by  Mr.  W.  A.  E.  I^ssher  to  consist 
j)artly  of  New  Ked  ?ebble-beda  and  partly  of  Drift  Gravel 
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CHAPTER  II. 

HISTORICAL  ACCOUNT  OF  THE  CHALK,  UPPER 

GREENSAND,  AND  GAULT. 

In  this  chapter  I  propose  to  rive  some  account  of  the  early 
investigations  into  the  stratigrapnical  relations  of  the  Cretaceous 
rocks,  and  of  the  difficulties  experienced  by  the  early  geological 
explorers  in  their  first  attempts  to  correlate  the  several  rock- 
groups  in  different  parts  of  England.  An  explanation  of  the 
origin  of  the  names  which  have  hitherto  been  used  for  these 
rock-groups  will  also  be  given ;  few  words  are  needful  to  explain 
the  terms  Clialk  and  Gaalt,  but  the  history  of  the  tenn  Umyer 
Chrf^n^anid  is  a  more  complicated  matter,  and  it  has  never  yet  oeen 
fully  or  accurately  summarised.  Its  history  is  inseparably  bound 
up  with  that  of  the  Lower  Greensarul,  and  it  involves  the  notice 
of  a  mistake  which  has  prejudicially  affected  the  nomenclature 
and  classfication  of  the  Cretaceous  system  in  England. 

Chalk. 

The  word  chalk  is  derived  from  the  Saxon  cealv  (German  kalk), 
meaning  lime,  and  it  probably  came  to  be  applied  to  what  we 
now  call "  the  Chalk,"  oecause  to  the  early  Saxon  invaders  of  the 
eastern  and  southern  parts  of  England  the  Chalk  was  the  most 
obvious  and  most  easily  accessible  source  whence  to  obtain  a 
supply  of  lime  for  use  in  their  buildings. 

To  this  day  the  rock  is  called  kalk  by  the  country  folk  of 
Lincolnshire,  but  in  southern  England  the  word  becomes  softened 
into  chalk,  and  as  it  was  never  applied  to  any  other  kind  of  lime- 
stone it  came  to  have  a  definite  and  limited  si^ification  in  the 
English  language.  It  became  in  fact  the  English  name  for  this 
particular  material,  a  material  for  which  in  Germany  a  difl'erent 
word  (kreide)  had  eventually  to  be  employed.  As  a  consequence 
of  its  already  possessing  this  limited  meaning,  and  of  its  being 
appUcable  in  England  to  one  single  rock-mass  or  formation,  it 
naturally  became  a  definite  geological  term,  and  was  very  early 
employed  as  such;  by  Martin  Lister,  for  instance,  in  1684. 

Oault 

This  is  a  provincial  name  employed  in  Cambridgeshire, 
Suffolk,  Hertfordshire,  and  perliaps  some  other  counties,  for  a 
stiff  blue  clay.  The  origin  of  the  word  is  doubtful,  but  may 
perhaps  be  connected  with  the  Gennan  kalt  (cold),  from  such  a 
clay  fonning  what  agriculturists  term  a  cold  soil.  It  is  variously 
spelt  Oault,  Oalt,  or  Golt,  and  the  first  use  of  it  in  a  geological 
sense  was  by  the  Rev.  John  Michell,  who  lived  in  Suffolk  during 
the  latter  part  of  the  last  century.     In  1760  he  wrote  a  paper 
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on  the  ''  Cause  and  Phenomena  of  Earthquakes/'  ^  in  which  he 
showed  that  he  had  a  clear  perception  of  the  regular  succession' 
of  stratified  rocks ;  and  among  his  papers  was  found  a  list  of 
English  strata  bearing  date  1788  or  1789,  of  which  the  first  three 
names  were — 

Chalk 120  yardi  thick 

Golt 60     „         „ 

Sand  of  Bedfordshire        -        -        -  10  or  20     „         „ 

It  was  not,  however,  till  some  30  years  after  this  date  that  the 
name  Gault  became  definitely  attached  to  this  particular  clay. 

William  Smith,  who  began  his  researches  in  the  neighbourhood 
of  Bath  in  the  year  1790,  does  not  seem  at  first  to  have  dis- 
tinguished the  Gault  by  any  particular  name,  and  the  highest 
members  of  the  succession,  which  he  had  "  examined  and  proved 
prior  to  1799,"  are  called  simply  (1)  Chalk,  (2)  Sand,  (3)  Clay.^ 

Thomas  Webster,  describing  the  Isle  of  Wight  and  writing  in 
1811  (though  his  letters  were  not  published  till  1816^),  mentions 
the  Gault  under  the  name  of  the  Bltie  Marie,  and  this  name  seems 
to  have  been  adopted  by  W.  Smith,  for  in  his  Memoir  of  1815 
(above  quoted)  it  is  so  called  in  his  table  of  strata,  and  is 
aescribed  as  "  Blue  marl,  so  kindly  for  the  growth  of  oak  as  to  be 
called  in  some  places  the  oak  tree  soil." 

In  his  "  Stratigraphical  System  of  Organised  Fossils,"  published 
in  1817,  Smith  calls  it  the  "  6rickearth  "  and  gives  a  list  of  localities 
for  Brickearth  fossils  (p.  36)  in  Surrey,  W  ilts,  Bedford,  and 
Bucks,  all  the  places  mentioned  being  on  the  Gault.  But  soon 
after  this  date  ne  seems  have  become  aware  of  the  name  Gault, 
and  of  the  identity  of  the  clay  called  Gault  in  Suftblk  and 
Cambridge  with  his  Brickearth,  for  in  his  maps  of  Kent  and 
Surrey,  and  in  his  "  Section  of  the  Country  n'om  London  to 
Brighton,"  all  published  in  1819,  he  calls  this  the  "Golt 
Brickearth." 

It  may  have  been  Prof.  Hailstone  who  called  his  attention  to 
this  identity,  for  that  writer  described  the  Gault  of  Cambridge- 
shire under  that  name  in  1816.^ 

The  Oreensands  (Upper  and  Lower). 

When  the  term  Greensand  was  first  introduced  is  a  Uttle 
uncertain,  though  there  is  no  doubt  that  it  originated  with 
William  Smith  oetween  theyears  1800  and  1812,  and  it  is  also 
certain  that  both  he  and  Tiiomas  Webster  always  used  it  to 
designate  the  green  sands  which  lie  between  the  Chalk  and  the 
Gault. 

In   Smith's  earliest  Table  of  Strata  (1799)  these  beds  are 

simply  called  "  Sand,"  and  in  a  curious  book  written  by  the  Rev. 

^.»^— ^-^.j— ^—  ■    ■      ^— ^      ^^-^^^  ■     — — ^^— ^.^i^— ^^^^^— ^»^^— ^.^— ^— ^— ^— ^»^^-^^^_^»»^ 

^  Phil.  Trans.,  Vol.  li.  p.  566. 

'  Table  of  strata  near  Bath  given  in  the  Memoir  accompanying  his  Map 
of  England  and  Wales,  1815. 
3  In  Sir  H.  Englefield's  History  of  the  Isle  of  Wight,  1816. 
*  The  Geology  of  Cambridgeshire,  Trans.  Geol.  Soc.,  Vol.  iii.  p.  249. 
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J.  Townsend,^  who  was  a  friend  of  Smith's  and  Rector  of  Pewsey 
in  Wilts,  we  have  an  account  of  the  geology  of  the  west  of 
England  as  known  to  Smith  at  the  beginning  of  the  century. 
In  his  preface  the  author  says  "  the  person  b^  whom  he  was 
first  led  to  trace  the  succession  of  strata  in  our  island  is  William 

Smith It  is  now  eleven  years   since  he  conducted 

the  author  in  his  examination  of  the  strata  which  are  laid  bare 
in  the  immediate  vicinity  of  Bath.  Subsequent  excursions  in 
the  stratified  and  calcareous  portions  of^  our  island  have 
confirmed  the  information  derived  from  this  examination." 

In  Townsend's  book  all  the  Cretaceous  strata  below  the  Chalk 
are  classed  as  "  The  Sand,"  which,  however,  he  divides  into  three 
portions  and  names  them  in  descending  succession,  thus  : — 

1.  The  green  sand  (of  the  Vales  of  Pewsey  and  Warminster). 

2.  The  greif  sand  (of  Devizes,  Potterne,  and  other  places). 

3.  The  red  sand  (of  Seend,  Sandy  Lane,  and  other  places). 

He  was  also  fully  aware  of  the  existence  of  clay  and  brickearth 
between  the  red  and  the  grey  sand,  but  seems  to  have  regarded 
it  as  only  a  local  stratum  in  the  sand-group ;  evidently  thinking 
that  in  some  places  the  red  and  grey  sands  came  together  and 
formed  a  continuous  series,  as  is  shown  by  his  account  of  the 
Lulworth  section.  He  expressly  mentions  the  existence  of 
firestane  in  the  grey  sand  and  gives  a  section  of  the  large 
quarries  at  Merstham  in  Surrey.  Finally  he  figures  some  of  the 
fossils  of  the  "green  sand,"  and  among  them  Fecten  asper  is 
recognisable  unoer  the  name  of  Ostrm  TniiricaUt. 

The  first  complete  account  of  the  Cretaceous  seauence  in  the 
south  of  England  was  an  essay  by  John  Middleton,  first 
published  in  the  Monthly  Magazine  for  1812,  under  the  title  of 
"  Outlines  of  the  Mineral  Strata  of  Great  Britain, '  and  subse- 
quently in  a  history  of  the  county  of  Surrey  bv  Manning  and 
Bray,  vol  iii.,  1814.  His  measurements  seem  to  have  Ixjen  taken 
in  Swanage  Bay,  and  he  gave  local  names  to  several  of  his  groups, 
re.narking  that  the  same  set  of  beds  occurs  in  the  Weald,  in 
Dorset,  and  in  the  Isle  of  Wight.     The  following  is  a  summary 

of  part  of  his  sequence  : — 

Feet 
[Upper  part  with  black  flints  -  -  600 

6   Chalk-'  ^^^^  P*^  ^^^^  ^®y  fliJi*^»  ^^^^d  with  layers  of 
I         hard  chalkstone  and  soft  firestone  at  the 

I        base.       -----  200 

7.  Blue  clay  or  marl,  below  the  Chalk             -           -  30 

8.  Fuller's  Earth  Sand  or  Reigate  Sand           -            -  413 

9.  The  Aluminous  or  Weald  Measures            -            -  457 
10.  The  Purbeck  Strata 410 

It  will  be  noticed  that  the  term  Firestone,  not  Greensand,  is 
used,  and  that  it  is  grouped  as  part  of  the  Chalk.  On  the  other 
hand,  the  Reigate  Sand  is  correctly  placed  below  the  Blue  Marl 
and  distinguished  from  the  Weald  Measures  and  from  the 
Purbeck  Beds. 

*  The  Character  of  Moses  Established  for  Veracity  as  an  Historian.  4to. 
(London  and  Bath,  1813.) 
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Moreover  he  correctly  identifies  the  Reigate  Sand  with  the 
beds  occupying  the  same  position  below  the  "  blue  marl "  in 
Sussex,  Kent,  the  Isle  of  Wight,  Dorset,  Hertfordshire  and 
Bedfordshire,  thus  anticipating  the  results  of  Fitton's  work 
by  twenty  years. 

Webster's  Letters  on  the  geology  of  the  Isle  of  Wight  have 
already  been  mentione<l.  Tncy  wore  written  in  1811  but  not 
published  till  1816 ;  in  them  he  correctly  described  the  succession 
of  rocks  under  the  following  names : — 

Chalk. 

Greenland  or  Firestone. 
,  Blue  Marl. 

Ferruginous  Sands. 

It  is  clear,  therefore,  that  the  name  Grecnsand  was  in  verbal  use 
by  him  and  W.  Smith  before  1811,  and  that  both  correlated 
it  with  the  Firestone  of  Surrey. 

In  1815  Smith  published  his  general  map  and  memoir.^ 
In  this  the  Cretaceous  strata  are  arranged  as  follows : — 

Chalk  /'^PP®^*  P^**^  ^^^^}  contains  flints. 
\  lower  part  hard  ;  none. 

Greensand  parallel  to  edge  of  Chalk. 

Blue  marl, 

Purbeck    stone,    Kentish    rag    and    Limestone    of    the    Vale    of 
Pickering. 

Iron  Sand  and  Carstone,  which  in  Surrev  aud  Bedfordshire  contains 
Fullers*  earth,  and  in  some  places  Yellow  Ochre  and  Glass  sand. 

It  would  seem  from  this  that  Smith  was  unaware  ol 
Middleton's  names  and  of  his  correct  determination  of  the 
position  of  the  several  formations  below  the  Gault;  for  he 
makes  only  two  groups  instead  of  three,  and  each  of  them 
is  a  medley  of  uncorrelated  strata.  It  is,  however,  perfectly 
clear  that  his  "  Greensand "  is  above  the  *'  Blue  Marl "  or 
Gault  (see  p.  20),  and  he  remarks  that  it  contains  "  Firestone 
and  other  soft  stone  sometimes  used  for  building." 

Two  years  later,  in  1817,  Smith  published  his  well-known 
**  Stratigraphical  System  of  Organised  Fossils,"  a  work  in  which 
he  more  fidly  explained  those  principles  of  stratigraphical 
geology  which  he  was  the  first  to  discover  and  employ.  This 
book  contains  a  numbered  list  of  strata,  which  was  meant  to 
serve,  not  only  as  a  tabular  view  of  the  succession  of  rock-groups, 
but  as  an  index  to  his  geological  collection  and  to  the  maps 
which  ho  was  then  prejmring,  many  of  them  appearing  between 


*  Memoir  to  the  map  and  delineation  of  rlie  Strata  of  England  and  Wale, 
ito.     Tioudon,  IKiT). 
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1818  and  1821.    The  following  is  a  copy  of  the  first  part  of  this 
table : — 


Names  on  the  shelves  of  the 

Colours. 

Names   in  the  Memoir  [of 

geological  collection. 

1815]. 

1  London  clay 

London  Clay 

2,  3,  4  Crag  .... 

Clay  or  brickearth,  sand  and 
Light  loam 

5  Chalk        .        .        .        - 

Green  - 

Chalk 

6  Greensand 

Greensand 

7  Brickearth 

Blue     - 

Blue  Marl 

8,  9,  10  Portland  Hock  - 

Three  colours 

Purbeck     Stone,     Kenti-h 

shown . 

Hag,  ttc.                       , 

11  Oak  Tree  Clay  - 

Blue     - 

12,  13  Coral  Rag  &,  Pisolite  - 

Two  c jlouri 

Iron  Sand,  Carstone,  «kc. 

The  first  column  (with  the  iiuuibei's  attached)  gives  the  names 
he  had  adopted,  and  it  will  be  seen  that  he  made  no  change  in 
the  Upper  Cretaceous  series,  except  in  using  the  name  Brick- 
earth  instead  of  Blue  Marl  for  the  Gault.  The  Greensand  fossils 
mentioned  bv  him  are  those  of  Wanninster  and  Blackdown, 
His  brickearth  fossils  include  the  small  characteristic  Belcmnitcs, 
and  by  them  he  rec^ognised  the  Gault  near  Rcigato  and  Godstone 
in  Surrey,  iie^xr  Devizes  in  Wilts,  and  at  .several  localities  in 
Bedford  and  15u(kinL(hMm. 

The  se(iueuco^iv(Mi  in  his  l^ble  is  (vvidently  that  Iw^twoen  Batli 
and  Devizes,  lor  it  S(>  liap|>ens,  (hat  in  that  (iistri(tt,  the  JWtland 
Sands,  and  the  Jjower  Greeiisand,  are  so  iulimately  assoeialed 
that  th(;  first  explon»r  would  naturally  nj^^ird  (hem  as  one  set  of 
l)cds.  The  name  of  "Oak  Tree  Clay,"  which  in  his  Memoir  of 
1815  he  had  used  for  the  Blue  Marl  or  Gault,  he  now  transfer  to 
the  Kimeridge  Clay. 

It  was  not  till  the  year  1818  that  any  confiuion  arose  with 
regard  to  "The  Greensand."  The  reader  may  be  reminded  that 
Smith,  Townsend,  and  Webster  had  always  been  perfectly 
consistent  in  the  application  of  that  name  to  the  sands  uumedi- 
ately  below  the  Chalk ;  that  all  of  them  were  aware  that  the 
firestone  beds  of  Mersthain  occurred  in  these  sands,  and  that  the 
Blue  Marl  lay  below  them.  Further  they  knew  that  the  Kentish 
Rag  lay  below  the  Blue  Marl. 

The  two  geologists  who  misapprehended  the  position  of  the 
Greensand  in  the  Wealden  area  are  William  rhilli])s  and  Dr. 
Mantell. 

Phillips'  description  of  the  Dover  cliffs^  contains  an  excellent 
account  of  the  Chalk  and  its  sub-divisions,  but  he  seems  to  have 
overlooked  the  gi*eon  sandy  marl  at  the  base  of  the  Chalk,  and  to 
have  thouizht  that  his  ''  Grey  Chalk  "  i)assod  down  into  the  "  Blue 


*  Bemark.s  oji  1  he  Chalk  ( -litlV  in  the  neighbourhood  uf  Dov^r,  and  on  the 
Blue  Marl  covm-ing  the  Greeu.sand  near  Folkestone.  Truii:^.  Geol.  Soc., 
Vol.  v.  p.  16  (1821)     Read  in  1818 
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Marl "  of  Folkestone,  which  he  describes  as  resting  on  "  the 
greensand  which  is  known  in  many  parts  of  England  to  underlie 
the  Chalk."  Thus  he  took  what  we  now  call.the  Folkestone  Beds 
to  be  the  equivalent  of  the  "  Greensand  "  of  Wiltshire,  instead  of 
identifying  it  with  the  Kentish  Rag  group;  although  he  was 
aware  that  his  Blue  Marl  was  the  same  as  the  Gault,  and  ou^ht 
to  have  known  that  Smith  had  always  found  his  GreensancT  to 
he  ahove,  and  not  below  it. 

In  the  same  year  Dr.  Mantcll  published  "A  Sketch  of  the 
Geological  Structure  of  the  South-eastern  j)art  of  Sussex,"^  in 
which  he  associates  the  Blue  Marl  with  the  Chalk  MarU  placing 
"  the  Greensand  "  below  it.  At  the  same  time  he  was  evidently 
acquainted  with  Smith's  classification, for  he  inserts  a  "Brick- 
earth  "  below  his  Greensand  and  a  "  Blue  Clay  or  Oak  Tree  Soil " 
below  that,  saying  that  the  Brickearth  "occurs  in  detached 
masses  resting  on  tne  Oak  Tree  Clav." 

His  Blue  clay  is  the  Weald  Clay;  the  brickearth  may  be 
Atherfield  Clay,  and  his  "Greensand"  is  evidently  the  sand 
below  the  Gault  or  "Blue  Marl."  But  to  make  his  supposed 
sequence  fit  the  facts  visible  at  Eastbourne  he  has  to  assume 
that  the  Gault  is  entirely  absent  at  that  locality ;  thus  speaking 
of  the  "  Blue  Marl,"  he  remarks, "  in  some  places,  as  at  Eastbourne, 
it  is  wanting,  and  the  Chalk  Marl  is  there  seen  in  actual  contact 
with  the  Greensand,  the  fossils  peculiar  to  each  formation 
being  intermixed  at  the  line  of  junction." 

Thus  both  W.  Phillips*  and  Mantell,  assuming  there  was  only 
one  "  Greensand,"  both  maintained  (in  opposition  to  W.  Smith) 
that  it  lay  below  and  not  above  the  "  Blue  Marl."  This  mistake 
gave  rise  to  a  long  controversy,  which  was  only  tenninated  by  a 
compromise  almost  as  unfortunate  as  the  original  mistake. 

In  the  year  1818,  Prof.  Buckland  2)ublishcd  a  folio  sheet 
entitled  "  The  Order  of  Superposition  of  the  Strata  in  the 
British  Islands,"^  which  formulates  the  views  then  current  as 
to  the  succession  of  the  Cretaceous  Strata,  and  is  useful  in 
showing  how  much  confusion  had  been  introduced  into  the 
sequence  which  Smith  and  Webster  had  so  nearly  completed. 
Buckland's  table  is  very  complete  and  orderly,  the  whole 
succession  of  stratified  rocks  being  divided  into  "  formations," 
two  of  which  include  the  Cretaceous  series,  thus : — 


No.  4, 

Chalk 

Formation. 


'Upper  Chalk,  with  many  beds  of  flinty  nodulea. 
Lower  Chalk,  with  few  flints. 
.Chalk  Marl,  Malm,  or  Grey  Chalk. 

No.  5,     r Greensand. 
Greensaud-I  Tetsworth  Clay. 
Formation,  llron  Sand. 


The  lithological  varieties  of  each  group  and   the  localities 
where  each  such  variety  occurs  are  given.    Following  Phillips,  he 

*  Provincial  Magazine  for  August,  1818. 
«  See  De  Basterot,  Trans.  Gcol.  Soc,  Ser.  2,  Vol.  ii.  p.  334 
*^  Appended  to  W.  Phillips'  "Outline  of  the  Geology  of  England  and 
VValea.'^    8vo.    London,  1818. 

1980.  h  2 
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groups  the  Folkestone  clay  with  the  Chalk  Marl.  He  does 
not  mention  the  term  Gault,  but  proposes  a  new  name 
(Tetsworth  Clay)  for  the  clay  below  the  Crreensand  in  Wilts, 
Berks,  and  Oxon.  His  Greensand  includes  not  only  the  true 
(Upper)  Greensand  of  Wilts,  Berks,  &c.,  but  also  what  Phillips 
ana  Mantell  had  called  Greensand  in  Kent  and  Sussex. 
Similarly  his  Iron  Sand  group  includes  not  only  the  Hastings 
Sands,  but  the  Fullers'  Earth  of  Nutficld  and  theWobum  Sands 
of  Bedfordshire.  There  is  no  mention  of,  or  place  for,  the 
Weald  Clay. 

As  Smith's  maps  of  Kent,  Surrey  and  Sussex  were  all  published 
in  1819,  just  after  the  views  of  Phillips  and  Mantell  were  made 
known,  it  is  interesting  to  tind  that  they  show  a  perfectly  correct 
sequence,  the  names  and  numbers  being  the  same  in  all,  thus : — 

5.  Chalk. 

6.  Greensand. 

7.  Golt  and  Brickearth. 

8.  9,  10.  Sand  and  Sandstone. 

11.  Oak-tree  Clay. 

12.  Sand  and  Sandstone. 

He  evidently  supposed  that  the  succession  in  these  counties 
was  the  same  as  that  which  he  had  made  out  in  Wilts,  and 
consequently  he  identified  his  upper  "sand  and  sandstone" 
group  with  his  Portland  Rock,  of  which  he  says  *'  in  this  county 
[Kent]  it  is  Cidled  Kentish  Rag."  For  the  same  reason  he 
supposed  the  clay  below  (which  was  afterwards  called  the  Weald 
Clay)  to  be  his  Oak  Tree  Clay  (i.e.,  Kimeridge  Clay).  But  these 
mistaken  correlations  do  not  invalidate  the  local  succession,  for 
the  position  assigned  to  the  several  groups  is  correct  and  the 
relation  of  the  Greensand  to  the  Gault  is  clearly  stated. 

This  confusion  regarding  Gault  and  Greensand  was 
perpetuated  and  extended  by  Phillips  and  his  colleague 
Conybeare  in  their  "  Outlines  of  the  Geology  of  England  and 
Wales"  (1822).  The  following  is  their  classification  for  the  beds 
below  the  Chalk : — 

A.  Chalk  Marl. 

B.  Greensand. 

C.  Weald  Clay. 

D.  Iron  Sand. 

As  in  Buckland's  Synopsis,  the  Chalk  Marl  is  made  to  include 
noi  only  the  true  Chalk  Marl  but  the  Malm-Rock,  Firestone 
and  Gaidt  all  round  the  Wealden  area.  Their  "Greensand"  is 
for  this  district  entirely  Lower  Greensand ;  while  for  the  Isle  of 
Wight,  Dorset,  Wilts  and  Berks  their  "Greensand"  is  the 
Upper  Greensand,  and  in  these  comities  they  take  the  Gault  to 
be  their  "  Weald  Clay "  and  the  Lower  Greensand  to  be  their 
"  Iron  Sand."  It  is  therefore  quite  clear  that  Conybeare  and 
Phillips  thought  the  beds  in  Kent  and  Surrey,  which  were 
afterwards  called  Lower  Greensand,  were  the  actual  chronological 
equivalents  of  the  be(h  ori<rinallv  called  "  Greensand  "  bv  Smith 
m  uiitstnro 
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That  this  confusion  arose  from  the  misunderstanding  by 
W.  Phillips  with  regard  to  the  Gault  and  Greensand  at 
Folkestone  will,  I  think,  be  clear  to  everyone  who  reads 
Conybeare's  remarks  on  p.  149  of  the  "  Outlines  of  Geology,"  in 
which  he  speaks  of  the  great  importance  of  correctly  tracing  the 
hue  of  the  greensand,  and  says  that "  this  fortunately  may  be  done 
without  the  possibiUty  of  error  by  foUo^vdng  its  course 
continuously  from  its  section  on  the  coast  between  Folkestone 
and  Lympne."  This  he  does,  and  on  reaching  the  Merstham 
and  Reigate  district  he  writes,  "  we  feel  ourselves  compelled  to 
dissent  from  the  opinions  advanced  by  a  writer  [probably 
Webster],  .  .  .  who  from  the  inspection  of  this  single 
spot  has  pronounaed  the  firestone  beds  which  we  assign  to 
tne  chalk  marie  formation  to  belong  to  that  of  the  green  sand, 
and  the  range  which  we  consider  as  the  true  green  sand  to  be 
iron  sand." 

Dr.  Mantell  continued  to  participate  in  these  mistaken  views.^ 
His  first  edition  of  "The  Fossils  of  the  South  Downs"  was 

Published  in  1822,  just  after  the  appearance  of  Conybeare  and 
hillips'  "Outlines."  In  it,  under  the  head  of  "Blue  Chalk 
Marl,*  he  refers  to  Phillips*  statement  that  this  marl  rests  on  ths 
Oreenaand  at  Folkestone,  and  he  repeats  his  o^vti  peculiar  view 
(published  before  in  1818)  that  the  bluechalkmarl(Gault)is  wanting 
at  Eastbourne  and  several  other  places,  and  that  in  these  instances 
the  grey  chalk  marl  reposes  immediately  upon  the  greensand." 

In  his  general  table  ne  groups  the  Iron  feand,  Tilgate  Beds,  the 
Weald  Clay  and  "  the  Greensand  "  under  the  head  of"  Oreen^and 
Formations''  and  under  the  head  of  ''Chalk  Foi^TnatioTis"  he 
gives  the  following  series : — Blue  chalk  marl ;  Grey  chalk  marl ; 
Lower  Chalk ;  Upper  Chalk.  Lastly  he  regardu  the  Malm  Rock 
of  Western  Sussex  as  replacing  a  part  of  the  Gault,  a  view  which 
is  very  probable  in  itself  but  whicn  by  his  arrangement  involves 
the  error  of  placing  the  Malm  far  above  the  horizon  of  the 
Eastbourne  Greensand. 

Manteirs  book  had  deservedly  a  wide  circulation,  and  all  who 
read  it  must  have  gained  the  distinct  impression  that  "  the 
Greensand"  always  lay  below  the  Gault  wherever  the  latter 
occurred,  and  that  "  the  fossils  of  the  green  grey  and  ferruginous 
sands  of  Sussex  "  had  a  general  agreement  with  "  those  of  the 
chlorite  Sand  of  Wiltshire  and  Devonshire  "  (op.  cit.  p.  77). 

These  erroneous  views  of  the  succession  in  the  south-east  of 
England  continued  to  prevail  until  1824,  when  Dr.  Fit  ton 
published  his  "Inquiries  respecting  the  Geolo^cal  Relations 
of  the  beds  between  the  Chalk  and  the  Purbeck  Limestone  in  the 
South-east  of  England."  ^ 

In  this  the  complete  succession  of  the  Cretaceous  Series  is 
clearly  and  correctly  stated,  and  the  strata  of  the  Wealden  area 

The  reader  will  understand  that  I  have  no  wish  underrate  or  detract 
from  the  value  of  the  geological  work  done  by  Phillips,  Conybeare,  and 
Mantell ;  it  was  in  fact  the  high  value  of  their  works  which  cave 
importancd  to  this  particular  mistake  and  gained  for  it  an  acceptance  which 
it  might  not  otherwise  have  acquired. 
*  Ann.  Phil.,  2nd.  Sen,  Vol.  viii.  p.  366. 
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are  for  tho  first  tiino  rightly  correlated  with  those  of  the  Isle  of 
Wight.  Ho  points  out  that  whereas  Conybeare  and  Phillips 
make  only  two  sand  groups,  there  are  in  reality  three  different 
sands  separated -by  two  distinct  argillaceous  formations,  namely, 
the  Gault  and  the  Weald  Clay.  Unfortunately  he  retains  the 
name  of  "  Greensand  "  for  the  beds  below  the  Oault  because  it 
had  been  "  adopted  so  very  generally  by  the  geologists  of  England," 
although  he  admits  that  the  character  does  not  apply  to  the 
greater  part  of  the  group,  and  was  fully  aware  that  they  had 
originally  been  described  under  the  names  of  Iron  Sand, 
Ferruginous  Sands  and  Carstone.* 

Fitton  seems  subsequently  to  have  realised  that  he  had  in  this 
paper  perpetuated  a  mistake  in  reference  to  the  use  of  the  term 
Greensand,  and  he  wrote  a  letter,  published  in  the  December 
number  of  the  Annals,  in  which  he  says  "  It  has  been  suggested 
to  me  from  different  (juarters  that  the  names  xijyper  ana  loner 
Greensand  would  be  preferable  for  the  denomination  of  the  beds 
which  I  have  named  tirestone  and  greensand ;  and  that  these  two 
strata  together  with  the  intervening  gault  might  form  one  group 
in  the  general  arrangement  under  Uie  name  of  the  greensand 
formation.  But  the  application  of  the  term  greensaiidims  really 
been  the  -jource  of  so  much  confusion,  that  it  seems  much  better 
to  give  it  up  altogether  and  to  choose  for  the  beds  in  question 
names  entirely  new — I  know  indeed  that  some  of  the  principal 
geologists  in  England  concur  in  this  opinion."  He  then  suggests 
the  name  Meratluiin  Beds  for  the  tirestone  and  upper  greensand, 
and  the  name  Slumkiin  Sands  for  what  he  nad  previously 
termed  "  Greensand." 

Webster  appears  to  have  been  one  of  those  who  advocated, 
though  he  does  not  seem  to  have  originated,  the  names  Lower 
and  Upper  Greensand,  for  in  a  paper  read  by  him  to  the  Geo- 
logical Society  on  the  5th  Nov.  1824  he  points  out  that  "  until 
lately  the  descriptions  given  by  various  geologists  of  the  rock 
called  greensaivl  were  supposed  to  be  applied  to  one  bed  only, 
whereas  in  fact  there  are  two  beds  distinct  from  each  other,  the 
undercliff  of  the  Isle  of  Wight,  and  the  rock  of  Folkestone,  each 
of  which  had  received  this  denomination."  He  then  gives  a  table 
of  equivalent  buds,  of  part  of  which  the  following  is  a  copy  from 
the  abstract  in  the  same  number  of  the  Annals  of  Philosophy 
which  contains  Fitton  s  "  Additional  Remarks  "  ^ : — 


Jjocalities  in  tho  Isle 
of  Wight. 


Undercliflf 

Ditto      - 

Redcliff,  Atherfield 
and  Blackgang 


Localities  in  the  S  E. 
part  of  England. 


Names  proposed  for  the 
equivalent  beds. 


Reigate,    Merstham 

and  Beachy  Head 

Folkestone  Cliff    - 

Folkestone,     Leith 
Hill,  &c. 


Upper  Greensand 

Blue  marl  of  the  green- 
sand 

Jjower  ^eensand  or 
f  errugmo-greens^nd 


O   g 


—    ■ ^ — ^ ^- 

*  It  should  be  specially  observed  that  Sedgwick,  writing  on  the^sle  of 
Wight  in  1822  (Ann.  of  Phil.,  2nd.  Ser.,Vol.  vi.)  followed  Webster's  use  of 
the  names  Greensand  and  Ironsand. 

2  Ann.  Phil.,  2nd  Ser.,  Vol.  viii.  p.  465. 
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Again,  in  liis  "  Reply  to  Dr.  Fitton, '  \vritten  in  1824,  but  not 
published  till  January  1825,^  Webster  accepts  the  responsibility  of 
proposing  these  names.  He  takes  pains,  however,  to  establish 
the  right  of  the  upper  sands  to  the  name  of  "  Greensand," 
summing  up  his  remarks  in  the  following  passage,  which  is  well 
worth  quoting : — 

"  Thus  we  see  that  ahnost  everywhere  below  the  Chalk  in 
England  (or  rather  IxjIow  the  chalk-marl  according  to  my 
arrangement)  there  is  a  stone  composed  of  siliceous  grains,  mica 
and  dark  green  particles  with  a  calcareoius  cement.  In  some 
places  it  is  very  hard ;  in  others  soft  and  fit  to  be  employed  as 
hrestone;  and  in  others  again  too  soft  for  this  purpose,  and 
scarcely  distin^iishable  from  the  common  chalk-marl  into 
which  it  sometimes  passes.  .  .  It  is  to  this  bed,  as  it  appears 
to  me,  that  the  name  of  greensand  was  originally  given  by 
English  geologists ;  and  from  the  above  and  similar  observations 
I  conclude  that  the  greensand  bed  in  the  Vale  of  Pewsey  is  the 
same  with  the  rock  of  the  Underclift*  (Isle  of  Wight)  and.  with 
the  Reigate  stone.  "^ 

With  respect  to  the  sand  below  the  Gault  he  says,  "  If  this 
bed  be  found  to  agree  with  the  fer rug inov^  savd  of  the  West  it 
would  seem  right  tliat  it  should  retain  the  original  name.  .  . 
However,  as  it  has  been  called  Greensand  by  some  eminent 
geologists,  and  since  indeed  it  contains  in  some  places  a  ^eat 

Juantity  of  the  mineral  from  which  the  name  has  been  derived, 
have  proposed  in  a  paper  lately  read  before  the  Geological 
Society  to  style  it  the  lower  greennandy  or  (to  compromise  the 
matter)  ferrugino'greensand,  the  Undercliff  being  called  the 
upper  greensand.  By  this  arrangement  a  ^oup  wul  be  formed 
wnich  may  be  callal  the  greensand  formation,  consisting  of  the 
upper  ana  lower  greensands ;  and  the  blue  marl  between  them 
wiU  be  called  the  iinarl  of  tlu^  greeiisand.  This  marl  has  indeed 
considerable  analogies  in  its  fossils  with  the  bed  above  it,  into 
which  it  sometimes  passes." 

This  revival  of  Buckland's  idea  of  a  "  Greensand  formation  " 
was  not  well  advised,  because  it  perpetuated  a  mistake  and 
associated  under  a  common  name  beds  which  ought  to  have 
been  quite  dissociated  from  one  another.  He  seems  to  have 
changed  his  opinion  during  the  preparation  of  the  paper,  for  in 
the  accompanying  map  and  section  he  records  nis  original 
classification,  whicn  was  as  follows  : — 

Chalk  and  Chalk  Marl. 

Greensand. 

Blue  Marl. 

r  Upper  ferruginous  sand. 
Ferruginous  Sands-!  Weald  Clay. 

iLower  ferruginous  sand. 

*  Ann.  Phil.,  2nd.  Ser.,  Vol.  ix.  p.  33. 

2  The  Reigate-stone  of  Webster  was  the  Firestone  of  the  Upp^er  Greensand, 
not  any  part  of  the  Lower  Greensand.  In  1819  he  had  written  a  paper 
"  On  the  Geognostic  Position  of  the  Reygate  Stone,"  published  in  Trans. 
Geol.  Soc.,  Vol.  V.  p.  353  (1821). 
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It  was  a  pity  that  he  abandoned  this  arrangement,  in  which 
the  Lower  Cireensand  was  correctly  associated  with  the  rest  of 
the  Lower  Cretiiceous  series.  If  he  had  only  accepted  Fitton's 
name  of  "  Shanklin  Sands  "  or  had  revived  Middleton  s  name  of 
Reigate  Sands,  and  had  insisted  on  the  restriction  of  the  name 
Grecnsand  to  the  beds  above  the  Gaiilt,  much  misconception 
would  have  been  avoided  and  a  more  rational  nomenclature 
would  have  come  into  use.  Webster  therefore  was  responsible 
for  the  introduction  of  the  names  Upper  and  Lower  Greensand, 
and  the  first*  person  to  employ  them  in  a  descriptive  paper  was 
Mr.  (afterwards  Sir  RodericK)  Murchison,  the  paper  being  one  on 
the  geology  of  the  Western  end  of  the  Weald  (read  in  1825).^ 

In  this  he  says,  "  It  is  the  more  necessary  to  define  accurately 
all  the  strata  of  this  district  inasmuch  as  three  of  the  formations 
have  hitherto  been  described  to  be  one  ran^e  of  greensand; 
whereas  the  upper  greensand  is  divided  from  the  lower,  tnrouffhout 
the  whole  of  this  country,  by  a  distinct  and  important  breaath  of 
GauZt  clay,  of  which  the  royal  forest  of  Alice  Holt  forms  the 
north-eastern  portion."  Of  the  Upper  Greensand  he  says, "  This 
formation  is  provincially  termed  Aialm  Rock,  and  is  known  by 
that  name  alone  in  the  counties  of  Hants  and  Sussex  throughout 
a  range  of  40  miles." 

Murchison's  adoption  of  these  names  was  not,  however, 
immediately  followed  by  other  geological  writers. 

In  1827  Mantell  published  the  second  edition  of  his  book 
on  the  South  Downs  under  the  wider  and  better  title  of 
"  Illustrations  of  the  Geology  of  Sussex,"  and  in  this  he 
confesses  that  he  had  made  mistakes,  and  that  some  of  the 
beds  mentioned  in  1822  as  belonging  to  the  "  Greensand " 
really  belong  to  the  "Firestone,"  and  not  to  the  Shanklin 
Sands.  When  writing  this  edition  he  seems  to  have  been 
of  the  same  opinion  as  Dr.  Fitton,  that  the  term  Greensand 
was  connected  wiih  so  many  mistakes  that  it  would  be 
better  to  abandon  it  altogether,  consequently  he  does  not  use 
the  name  "  Lower  Greensand "  at  all.  In  the  table  on  p.  3 
he  gives  "  Firestone  or  Upper  Greensand "  in  its  proper  place 
between  the  "  Grey  marl  (i.e.  Chalk  marl)  and  the  "  Gault 
or  Folkestone  Marl,"  though  he  still  brackets  everything 
from  the  Gault  upwards  under  the  head  of  "  Chalk."  On 
p.  17  he  more  minutely  describes  it  as  "  Firestone  or 
Merstham  Beds  (Greensand  of  the  former  volume)." 

Instead  of  Lower  Greensand  he  adopts  the  tenn  " Shanklin 
Sands "  for  what  he  had  called  "  Green  or  Chlorite  Sand "  in 
the  volume  of  1822.  Thus  he  uses  the  names  proposed  by 
Fitton  in  his  letter  to  the  Annals  of  Philosophy  in  place 
of  the  nomenclature  proposed  by  Webster  ana  adopted  by 
Murchison. 

The  inconvenience  of  Webster's  nomenclature  was  also  perceived 
by  P.  J.  Martin  who  proposed  a  curious  modification  ot  it  in  his 


*  Trans.  Geol.  Soc,  Ser.  ii.  Vol.  ii.  p.  97. 
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Memoir  on  Western  Sussex,  published  1828,  his  table  of  the 
Greensand  or  "  Glauconite  "  groups  being  as  follows : — 

Mai-       -       -{Sr.rSr""'- 
Glauconite    i  Gault. 

[shankUn  Sands    {f^^T^rnZi 

thus  degrading  the  names  upper  and  lower  greensand  from 
primary  rank  and  applying  them  to  local  subdivisions.  He 
justifies  his  choice  of  name  "  Malm  "  in  the  following  terms : — 
"Dr.  Fitton,  the  accurate  explorator  ot  these  formations,  has 
made  use  of  the  word  firestone,  but  has  since  abandoned  it,  and 
seems  disposed  to  adopt  that  of  upper  greensand.  Mr.  Murchison, 
who  has  used  the  nomenclature  of  Dr.  Fitton  and  made  out  the 
best  suite  of  fossils  from  this  stratum,  makes  more  use  of  the  word 
malm-rock  than  of  the  adopted  name  of  firestone ;  and  in  all  the 
great  development  of  it  reviewed  by  him  in  Hampshire  and 
Sussex  the  malm-rock,  provinciallv  so  called,  predominates  over 
the  OTeensand  and  hard  slate-coloured  marl,  its  subordinate 
members.  In  this  unsettled  state  of  things,  and  being  at  liberty 
to  choose,  the  word  *  malm '  has  been  preferred  to  designate 
everything  interposed  between  the  chalk  and  the  gait.  First 
because  the  word  itself,  like  gait,  has  killas,  &c.,  has  no  meaning 
or  applicability  beyond  the  thing  signified,  ....  and 
secondly  because  it  has  acquired  a  classical  character  in  its 
use  by  White,  the  naturalist  of  Selbome."  ^ 

The  two  divisions  of  the  Shanklin  Sands  are  shown  hy  difl'erent 
colours  on  his  map,  and  he  speaks  of  the  lower  division  as  the 
"  true  lower  Greensand."  His  arrangement  is  really  a  correct  and 
rational  one  for  the  area  described,  out  would  not  apply  to  other 
areas. 

In  the  year  1832,  therefore,  there  were  really  three  different 
nomenclatures  in  use  for  this  part  of  the  Cretaceous  series,  as 
shown  in  the  following  table: — . 

Webster  and  Fitton  and  \t«^:„ 

Murchison.  Mantell.  Martin. 

Upper  Greensand.  {^^K?hamBeds.}       ^^^^^ 

Oault.  Gault.  Gault. 

Lower  Greensand.  Shanklin  Sand.  Shanklin  Sand. 

In   1833   Mantell  published  a  handv  little  volume  entitled 

'*  The  Geology  of  the  South-east  of  England,"  which  is  perhaps 

less  known  tnan  it  deserves  to  be.     In  this  book,  although  he 

retains  the  names  he  had  u.sed  in  1827,  ho  adds  Webster's  names 

as  synonyms,  and  at  the  head  of  Chapter  v.,  p.  66,  they  are  given 

as  follows : — 

Firestone  or  Upper  Greensand. 
Gault  or  Folkestone  Marl. 
Shanklin  or  Lower  Greensand. 

*  See  White's  Natural  History  of  Selbome,  first  letter. 
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In  1836  appeared  Fittons  well-known  and  detailed  memoir, 
"  On  the  Strata  between  the  Chalk  and  the  Oxford  Oolite."  ^ 

In  this  ho  adopts  the  names  of  Uiyper  and  Lower  Greensaiid, 
prefacing  his  table  with  the  following  remark.  "  The  following 
arrangement  and  subdivisions  may  be  adopted,  the  nomenclature 
of  which,  however  exposed  to  criticism,  is  now  probably  too  well 
estiiblishcd  to  bo  changed  without  inconvenience  "  ;  and  in  a  note 
he  especially  refers  t-o  the  faultiness  of  the  term  yveensand. 
This  memoir  was  read  in  1827,  but  it  was  largely  altered  and 
added  to  before  publication.  It  is  possible,  however,  that  he  had 
used  Webster's  names  at  that  date,  for  they  are  also  used  by 
Lonsdale  in  his  memoir  on  the  country  round  Bath,  which  was 
prepared  partly  at  the  instance  of  Dr.  Fitton  and  was  read  in 
1829. 

When  the  misunderstandings  which  liad  gathered  round  the 
term  *'  Grecnsand "  had  been  dispelled,  and  when  the  time  or 
"  upper "  Greensand  had  been  distinguished  from  the  *'  lower  " 
Greensand,  it  was  supposed  that  the  two  Grecnsands  were  every- 
where separated  from  one  another  by  the  Gault  or  "  Folkestone 
Marl."  It  was,  however,  known  that  the  beds  called  "Upper  Green- 
sand" did  not  everywhere  consist  of  sand,  and  some  authors 
describing  districts  where  malmstone  and  iiredone  were 
conspicuous  members  of  the  group  gave  prominence  to  these  as 
names  for  a  part  of  it.  But  after  Fitton's  definite  adoption  of 
the  names  Gault  and  Upper  Greensand  in  1836,  these  came 
into  general  use  and  were  adopted  by  the  Geological  Survey 
from  1839  onwards. 

The  earliest  sheet  of  the  Geological  Surv^ey  map  on  which 
Upper  Greensand  was  coloured  is  sheet  22  (Devon)  surveyed  by 
Sir  Henry  De  la  Beche  and  published  before  1845 ;  the  first  sheet 
on  which  both  Gault  and  Greensand  were  shown  is  that 
numbered  15,  which  includes  Shaftesbury  and  the  Vale  of 
Wardour,  published  in  1856. 

With  respect  to  the  adoption  of  the  Gault  and  Greensand  as 
separate  subdivisions  of  the  Cretaceous  series  by  the  Geological 
Survey,  it  must  be  remembered  that  these  names  lent  them- 
selves admirably  to  the  practical  purposes  of  the  Survey.  It 
was  in  fact  inevitable  that  the  clays  and  the  sandy  beds  should 
be  separately  mapped  and  that  different  colours  should  be 
assigned  to  tnem ;  and  if  names  had  not  already  been  given  to 
them,  others  would  doubtless  have  been  suggested. 

What,  however,  the  earlv  surveyors  did  not  realise  was  that 
these  subdivisions  were  of  subordinate  rank  and  without  any 
definite  chronological  importance.  A  hthological  division  of  the 
Upper  Cretaceous  Series  into  (1)  Gault,  ^2)  Upper  Greensand, 
(3)  Chalk,  was  made  without  any  regara  to  the  proj)ortional 
time  values  of  such  groups  and  without  due  enquiry  into  the 
stratigraphical  relations  of  the  Gault  and  Upper  Greensand  in 
particular. 

By  one  man,  however,  the  relations  of  the  Gault  and  Upper 

*  Trans.  Geol.  Soc,  Ser.  ii.,  VoL  iv.  p.  103.  See  also  Letter  from  Fitton, 
published  in  the  "  Life  and  Letters  of  Sir  J.  Preetwich,"  1899,  p.  80. 
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Grreensand  wero  clearly  perceived ;  this  was  Mr.  Godwin-Austen 
in  1850,^  who  warns  his  readers  against  the  idea  of  their  being 
definite  rock-^oups,  adding  that  "indeed  there  is  no  name  in 
the  whole  series  ofgeological  formations  so  purely  conventional 
as  that  of  Upper  Greensand  " ;  again  he  says,  "  the  difterencos 
between  the  fauna  of  the  Devizes  and  Blackdown  Beds  and  that 
of  the  Upper  Gault  of  Folkestone  arc  only  such  as  might  be 
expected  between  arenaceous  and  argillaceous  portions  of  the 
same  zone.  The  Gault,  moreover,  is  not  an  independent 
formation,  but  merely  the  accimiulation  of  a  given  condition  of 
deep  sea,  synchronous  as  a  whole  with  that  portion  of  the 
Cretaceous  deposits  which  we  call  *  Upper  Greensand.' " 

This  is  a  remarkable  declaration  expressed  in  language  which 
could  hardly  be  improved  at  the  present  day  after  a  lapse  of  50 
years.  Mr.  Godwin- Austen  had  evidently  recognised  the  palaon- 
tological  differences  between  the  Upper  and  Lower  Gault  of 
Folkestone,  though  I  cannot  find  that  anyone  had  published  any 
data  for  such  a  conviction  prior  to  1850.  Indeed  Mr.  Godwin- 
Austen's  expression  of  opinion  with  regard  to  the  equivalency 
of  Gault  and  Upper  Greensand  seems  to  have  made  but  little 
impression  upoli  the  systematists  of  the  time,  probably  for  the 
very  reason  that  it  was  a  sort  of  obiter  dictum  in  a  paper  on 
another  subject,  and  that  he  never  supported  it  by  any  express 
publication  of  the  facts  on  which  it  was  based. 

This  is  much  to  bo  regretted,  for  there  can  be  no  doubt  that 
the  continued  use  of  the  lithological  classification  without  any 
explanation  perpetuated  the  error  that  lurked  behind  it; 
moreover  an  unfortunate  suggestion  that  the  Upper  Grreensand 
might  be  a  shore  deposit  of  the  age  of  the  Chalk  Marl,* 
doubtless  tended  to  counteract  Godwin- Austen's  more  accurate 
view,  and  to  encourage  the  idea  that  the  Upper  Greensand  was 
of  more  recent  date  than  any  part  of  the  Gault. 

Thus  it  came  to  be  generally  supposed  that  the  Gault  at  any 
rate  was  a  definite  ana  distinct  formation,  worthy  to  rank  as  a 
priirai*y  division  of  the  Cretaceous  System,  and  that  it  must 
always  be  overlain  by  some  representative  of  the  Upper  Green- 
sand. It  was  assumed,  for  instance,  that  the  Gault  of  Folkestone 
was,  as  a  whole,  older  than  any  of  the  beds  cla-ssed  as  Upper 
Greensand  in  the  Wealden  Area;  and  further  that  the  Gault 
of  one  district  was  equivalent  to  "the  Gault"  of  any  other 
district.  Hence  it  was  supposed  that  the  Gault  of  Wiltshire 
was  a  complete  representative  of  the  Gault  of  Kent  or  of  Bucks, 
whereas  the  truth  is  that  the  Wiltshire  Gault  represents  only 
the  lower  portion  of  the  Gault  of  those  counties. 

These  ideas  seem  to  have  prevailed  till  about  the  year  1866, 
and  the  publications  which  have  chiefly  contributed  to  the 
formation  of  more  accurate  views  respecting  the  Gault  and  Upper 
Greensand  are  the  following : — 

(1.)  Notes  on  the  Correlation  of  the  Cretaceous  Rocks  of  the  South- 
'    east  and  West  of  England,  by  Mr.  C.  J.  A.  Meyer  (1866). ' 

*  Quart.  Jounu  GeoL  Soc.,  Vol.  vL  p.  461  and  p.  472. 

'  Mentioned  in  the  first  edition  of  Jukes'  Manual  of  Qeology,  1857,  p.  506. 

'  GeoL  Mag.,  Vol.  iii.  p.  13. 
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In  this  we  find  it  stated  that  "  the  Gault  or  Folkestone  Marl .  .  . 
thins  out  so  considerably  to  the  west  of  Reigate  as  to  favour  the 
idea  that  this  bed  is,  in  spite  of  its  great  extent,  but  a  subordinate 
member  in  the  Cretaceous  series."  Again  he  says,  "  Passing  further  to 
the  westward,  I  should  suppose  the  Gault  to  be  partly  represented  in 
the  vicinity  of  Ljme  Regis  by  the  *  yellowish-brown  sand  or  Fox- 
mould/  "  These  views  are  illustrated  oy  a  diagram  or  "  ideal  section  " 
of  Cretaceous  Rocks  in  the  range  from  Folkestone  to  Lyme  Regis. 

(2 )  Papers  by  Mr.  C.  E.  De  Rance^  (1868)  and  Mr.  F.  G.  H.  Price  (1874)« 
describing  the  Gault  of  Folkestone  and  the  zones  into  which  it  is 
divisible.  They  agree  very  closely,  and  show  that  the  fauna  of  the  lower 
30  feet  differs  considerably  from  tnat  of  the  remainder.  Mr.  Price  states 
that  out  of  240  species  known  to  him,  124  are  confined  to  the  Lower 
Gault  and  59  to  the  Upper.  These  papers  supply  the  detailed  evidence 
for  the  conclusion  whicli  Mr.  Godwin-Austen  seems  to  have  arrived  at 
in  1850. 

(3.)  A  paper  on  the  "  Relations  of  the  Cambridge  Gault  and  Green- 
sand '**  in  which  I  showed  that  the  so-called  "  Upper  Greensand "  of 
Cambridge  was  simply  the  basement  bed  of  the  Chalk  Marl,  and  that  its 
fossils  had  been  derived  from  the  Gault.  Further  that  the  true  Upper 
Greensand  dies  out  in  Buckinghamshire  and  does  not  reappear  as 
"  greensand "  to  the  north  of  that  county.  Lastly  it  was  shown  that 
the  Gault  of  Bucks  includes  representatives  of  both  the  Lower  and  Upper 
Gault  of  Folkestone,  while  in  the  counties  of  Bedford,  Hertford  and 
Cambridge  the  Upper  Gault  has  been  destroyed  by  erosion  and  has 
yielded  its  fossils  to  form  the  nodule-bed  of  the  overlying  Cambridge 
Greensand. 

(4.)  The  "  Recherches  sur  le  Terrain  Cretac6  Superieur  de  I'Angleterre 
et  de  rirland,"  par  Ch.  Barrois  (Lille,  1876),  in  which  Dr.  Barrois  takes 
the  zonal  classification  which  had  been  worked  out  in  France  and 
employs  it  in  a  detailed  description  of  the  Chalk  and  Greensand  of 
England  and  Ireland.  Of  the  Upper  Greensand  of  the  Isle  of  Wight 
he  writes  (j)  105),  "  I  had  thought  that  the  lithological  characters  of  the 
Upper  Greensand  would  make  it  a  special  division  distinct  from  the 
otner  zones.  I  was  mistaken  ;  in  the  Upper  Greensand  of  the  Isle  of 
Wight,  as  in  that  of  the  rest  of  England,  there  are  two  very  distinct 
faunas,  that  of  Blackdown  and  that  of  Warminster."  The  Blackdown 
fauna  ne  i)laces  in  his  zone  of  A?nnionites  injlatus.  and  the  Warminster 
fauna  in  nis  zone  of  Pecten  asper.  Dr.  Barrois  inaicated  the  respective 
portions  of  our  Gault  and  Greensand  which  are  referable  to  these  two 
zones  in  all  the  southern  counties  of  England,  as  well  as  in  Wilts,  Berks 
and  Bucks. 

He  does  not,  however,  include  the  Lower  Gault  in  the  Upper  Creta- 
ceous series,  from  the  mistaken  impression  that  the  area  occupied  by 
the  Gault  sea  coincided  rather  witn  that  of  the  Neocomian  sea  than 
with  that  of  the  Cenomanian  ;  so  that  he  draws  the  line  between  Upper 
and  Lower  Cretaceous  in  the  middle  of  the  Folkestone  Gault. 

(5.)  An  examination  of  the  Gkiult  and  I^ower  Chalk  of  Suffolk  and 
Norfolk  by  Mr.  W.  Hill  and  myself  in  1886,*  from  which  we  showed 
that  beyond  the  erosion  area  of  the  Cambridge  Greensand  or  "  nodule- 
bed,"  the  Upf)er  Gault  was  again  recognisable,  both  Lower  and  Upper 
divisions  extending  northward  with  a  gradually  diminishing  thickness 
till  they  merged  into  the  so-called  "  Red  Chalk  "  of  Hunstanton. 

It  had  just  previously  been  suggested*  that  the  Gault  was  not  repre- 
sented in  NoriPolk,  the  marly  clay  so  denominated  being  really  Chalk 
Marl.     We  were,  however,  able  to  prove  it  to  be  really  Gault  by  the 


*  Geol.  Mag.,  Vol.  v.  p.  163.    *  Quart.  Journ.  Geol.  Soc.,  Vol.  xxx.  p.  342. 
'  Quart.  Journ.  Geol.  Soc.,  Vol.  xxxi  p.  256  (1875). 

*  Quart.  Journ.  Gteol.  Soc,  Vol.  xliii.  p.  544. 

*  By  C.  Reid  and  G.  Sharman.    Geol.  Mag.,  Dec.  3,  Vol.  iii.,  p.  55. 
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discovery  of   its  characteristic  Ammonites,  and   by  indicating   the 
glauconitic  base  of  the  Chalk  Marl  above  this  marly  clay. 

(6.)  A  paper  by  myself  **  On  the  Geology  of  Devizes,  with  Remarks 
on  the  Grouping  of  the  Cretaceous  Deposits."* 

In  this  it  was  shown  that  the  Gault  of  Devizes  did  not  represent 
more  than  the  Lower  Gault  of  Folkestone,  that  the  fossils  of  the  over- 
lying micaceous  sandstones  proved  them  to  belong  to  the  zone  of 
Ammonites  in  flatus  (as  indeed  Dr.  Barrois  had  already  stated),  and  that 
the  highest  sands  represent  the  Warminster  beds  or  Barrois'  zone  of 
Pecten  asper. 

It  was  also  maintained  that  those  were  right  who  regarded  the  Gault 
and  Upper  Greensand  as  merely  different  lithological  facies  of  one 
group  or  stage  in  the  Cretaceous  series,  and  that  if  we  continued  to  use 
the  two  names  as  if  they  were  separate  chronological  units  in  the  time- 
scale  of  the  Cretaceous  system,  we  should  be  giving  a  wrong  interpre- 
tation of  Nature's  facts.  It  was  pointed  out  tnat  a  new  name  for  this 
united  Gault  and  Greensand  formation  would  eventually  be  required, 
that  Devizes  was  well  fitted  to  be  regarded  as  a  type  locality,  and 
without  definitely  proposing  the  name  Devisum,  it  was  suggestea  that 
such  a  name  might  be  found  a  convenient  one. 

In  1892  the  view  of  a  united  Gaiill  and  Upper  Greensand  was 
accepted  by  the  Director  General  of  the  Geological  Surveys,^  who 
remarked  that  the  opinion  of  their  being  parts  of  one  formation, 
held  by  Mr.  H.  W.  Bristow,  Mr.  Godwin-Austen  and  others,  had 
"  received  support  from  our  recent  surveys." 

In  1896  I  wrote  as  follows  :^ — "  It  is  now  recognised  bv  the 
Geological  Survey  of  Great  Britain  that  the  Gault  and  Upper 
Greensand  can  no  longer  be  regarded  as  separate  stages  or 
chronological  divisions  of  the  CVetaceous  System.  To  speak  of 
the  '  Gault '  as  a  formation  distinct  from  and  older  than  the 
Upper  Greensand  is  simply  a  mistake,  for  there  can  be  no  doubt 
that  what  is  called  Upper  Gault  in  the  east  of  England  is  coeval 
with  Upper  Greensand  in  the  west.  They  are  merely  different 
lithological  facies  of  one  group  of  deposits,  and  in  the  systematic 
classification  of  the  future  a  new  name  will  have  to  be  found  for 
this  Gaidt  and  Greensand  formation." 

With  the  publication  of  this  Memoir  it  would  seem  that  the 
time  has  come  when  the  synchronism  of  the  Gault  and  Upper 
Greensand  should  be  fully  acknowleds^cd,  and  when  the 
stratigraphical  value  of  the  group  should  be  expressed  by  giving 
it  a  suitable  name,  so  that  it  may  take  rank  with  the  other 
natural  groups  or  stages  of  the  Upper  Cretaceous  Series. 

We  wish  tnat  it  had  been  possible  to  adopt  the  French  name 
of  Albidn  which  was  used  for  the  Gault  of  Folkestone  by  Mr.  De 
Ranee  in  1868 ;  and  if  French  geologists  had  not  subsequently 
restricted  the  application  of  the  name  there  would  have  been 
no  reason  why  it  should  not  be  eujployed  in  England. 

There  is  no  doubt  that  the  Alhian  of  d'Orbigny,  Leymerie  and 
their  contemporaries  included  the  upper  clays  of  the  Gault  in 

■   —  -  ^  - 

^  Proc.  Wilts.  Nat.  Hist.  Soc,  Vol.  xxv.  p.  371  (1891) ;  and  Proc.  Geol. 
Assoc.,  Vol.   xii.  p.  254  (1892). 

^  Annual  Report  of  the  Geological  Survey  for  the  year  ending 
December  31,  1892,  p.  252. 

^  Quart,  .lourn.  Geol.  Soc,  Vol.  Hi.  p  170. 
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the  department  of  the  Aube  as  well  as  the  "  gaize  **  of  the  Meuse 
and  Aisne ;  that  is  to  say  what  is  known  in  Franco  as  the  zone 
of  Ammonitea  rostiHitua.  This  grouping  remained  in  general 
use  until  1874,  when  Prof.  Barrois  proposea  to  separate  these  beds 
from  the  Albian  and  to  regard  them  as  part  of  the  Ccnomanian. 
In  this  he  was  greatly  influenced  by  the  views  held  by  Professor 
Hebert,  who  had  formed  the  opinion  that  the  beds  containing 
Am,  inflataa  at  Havre  belonged  to  the  Ccnomanian  rather  than 
to  the  Albian.^ 

The  opinion  of  Messrs.  Hebert  and  BaiTois  has  since  been 
widely  adopted  by  French  geolo^^ists,  and  in  most  modern  French 
text-books  of  (leology  the  Albian  is  restricted  to  beds  which 
correspond  with  our  Lower  Gault,  while  those  corresponding 
with  our  Upper  Gault  and  Upper  Groensand  are  placed  in  their 
Ccnomanian  stage. 

I  have  endeaA'oured  to  show  that  this  separation  of  the  zone 
o{  ATumonites  injlat as  is  based  on  mistfiken  ideas  both  of  the 
stratigraphical  and  paheontological  relations  of  the  beds 
concerned,^  and  it  may  be  that  another  generation  of  French 
geologists  will  restore  these  beds  to  the  Albian.  In  the 
meantime  the  views  at  present  prevailing  in  France  make  it 
inadvisable  to  introduce  the  name  Albian  into  English 
nomenclature. 

Selbomian. 

We  are  consequently  obliged  to  propose  a  new  name  for  the 
English  type  of  the  formation,  and  the  name  Decisian  was  first 
considen^d,  but  though  the  locality  is  an  excellent  one  from 
which  to  derive  a  name  for  tlio  whole  formation,  yet  it  bo 
happened  that  a  very  similar  minw  { I) ii(S leu)  had  been  proposed 
by  Professor  Renevier  in  1874  tor  a  division  of  the  Oxford  Clay 
as  developed  at  Dives  in  Normandy.  As  this  name  has  come 
into  use  it  seemed  inadvis^ible  to  propose  one  so  like  it  for  a 
different  formation  in  England. 

After  a  consideration  of  all  the  place-names  which  are  available, 
that  of  Sdhornian,  from  tlie  village  made  fauious  by  the  letters 
of  Gilbert  White,  has  seemed  the  most  suitable  and  the  most 
euphonious.  Selbonie  is  situated  on  the  malmstone  or  malm- 
rock  which  constitutes  an  imporUuit  member  of  the  formation 
not  only  in  Hampshire  but  also  in  the  coimties  of  Surre^% 
Sussex,  Wilts  and  Berks.  It  is  the  "  freestone "  described  m 
White's  fourth  letter  from  Selbonie,  and  has  been  quarried  in 
Hampshire  for  many  purposes.  The  clays  of  the  Gault  are  also 
well  developed  below  the  malmstone  to  the  east  of  Selbome. 
The  district  was  one  of  the  first  in  which  the  true  succession 
of  the  beds  was  described^  under  the  names  of  Lower  Greensand 
Gault  and  Upper  (ireensand. 

*  Coini)tei  Uondus  do  TAoad.  des  Sciences,  1804  and  1866. 

-  Ftniille  dos  Joiini.i  NaturalisttM,  8er.  iii.  (July  and  August  1898), 
and  Natural  Science,  vol.  xiii.,  ]».  193  (1898). 

^  By  Sir  K.  1.  Murchison  in  Trans  Geol.  S(x;.,  Ser.  ii.  vol.  ii.,  p.  97 
(1825).    See  also  Proc.  Geol.  Astioc.,  vol.  xiL,  p.  192. 
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It  is  not  intended  that  the  name  Selbomian  shall  supersede 
those  of  Gault  and  Greensand.  To  them  it  bears  much  the 
same  relation  as  does  the  term  Wealden  to  the  Weald  Clay  and 
Hastings  Sands.  Just  as  it  is  found  convenient  to  employ  the 
name  Wealden  for  the  natural  group  of  beds  known  as  the  Weald 
Clay  and  Hastings  Sands,  so  it  will  be  found  convenient  to 
employ  the  term  Selbornian  for  the  group  which  includes  the 
Gault  and  Upper  Greensand. 

As  a  matter  of  fact  (jaiUt  clay  and  greensand  are  only  two  of 
the  dirterent  kinds  of  deposits  that  make  up  the  group  for  which 
the  name  Selbornian  is  now  proposed  ;  it  is  only  by  a  stretch  of 
the  imagination  that  malmstone  can  be  called  greensand,  inas- 
much as  an  ordinarj^  malm  contains  but  a  small  proportion  of 
quartz-sand  and  still  less  glauconite,  so  that  it  is  not  a  sand  nor 
is  its  colour  green.  There  are  large  areas  over  which  the 
formation  is  really  a  tripartite  one,  ana  could  actually  be  mapped 
as  consisting  of  Gault,  Malmstone  and  G reensand ;  there  are 
also  areas  where  it  consists  wholly  of  Gault,  i.e.  of  grey  clays  and 
marls ;  others  again  where  it  consists  entirely  of  sand  and 
sandstone ;  and  finally  there  is  a  large  area  where  it  is  neither 
one  nor  the  other,  but  is  represented  by  red  chalky  limestone 
and  red  marl. 

For  tho.so  who  desire  simply  to  treat  the  strata  chronologically 
the  names  Gault  and  Upper  Greensand  will  henceforth  have 
little  value :  the  group  ^vill  oe  the  Selbornian,  and  its  subdivisions 
will  be  zones  characterised  by  different  assemblages  of  fossils. 
The  nature  and  value  of  these  subdivisions  will  be  discussed  in 
the  next  chapter. 


CHAPTER  III. 

THE  VALUE  OF  ZONES  IN  THE  CRETACEOUS 

SYSTEM. 

The  advance  which  has  been  made  in  our  knowledge  of  the 
Upper  Cretaceous  series  during  the  last  twenty  years  has 
consisted  largely  in  the  establishment  of  zones  and  in  the 
tracing  of  them  throughout  England.  It  is  fitting,  therefore, 
that  some  account  of  this  zonal  method  should  be  given  in  this 
memoir.  Moreover,  after  the  experience  of  many  years  in  the 
constant  endeavour  to  identify  zones  and  to  follow  them  from 
point  to  point,  I  desire  to  place  on  record  some  of  the 
conclusions  to  which  I  have  been  led  by  a  study  of  these 
Cretaceous  zones,  especially  with  respect  to  the  proper 
conception  of  a  zone,  the  use  of  an  index  species,  and  the 
limitations  which  must  be  placed  to  the  zonal  method. 

The  idea  of  zonal  divisions  is  a  natural  outcome  of  William 
Smith's  axiom  that  "strata  may  be  identified  by  the  fossil 
remains  which  they  contain."  From  this  general  statement  to 
evolve  the  idea  of  zones  required  only  the  further  observation 
that  while  some  fossils  range  through  a  considerable  thickness 
of  strata,  others  are  limited  to  a  portion  of  this  thickness,  and 
further  that  within  a  certain  area  (often  of  large  extent)  the 
same  distribution  and  limitation  of  species  holds  good. 

The  first  idea  of  such  zonal  distribution  may  be  referred  to 
Von  Buch,  who  in  1832  published  a  treatise  on  Ammonites  in 
which  he  showed  that  the  vertical  range  of  many  species  was 
very  restricted.  The  subject  was  taken  up  and  pursued  in  more 
detail  by  Quenstedt  and  Oppel,  and  the  latter  in  1856  was  able 
to  establish  the  existence  of  zones  characterised  by  different 
species  of  Ammonites  in  the  German  Lias.  The  application  of 
tlie  same  method  to  the  study  of  the  Cretaceous  system  seems 
also  to  have  been  first  made  by  a  German  geologist.  This  was 
Von  Strombeck,  who  worked  out  the  Lower  Cretaceous  series  of 
N.VV.  Germany  between  1854  and  1858,  and  who  subsequently 
wrote  on  the  zones  of  the  upper  Cretaceous  series.^  The  idea, 
was  taken  up  in  France  by  Messrs.  Hebert,  Coquand  and 
others  (1864  to  1869),  but  in  England  the  studv  of  the 
Cretaceous  Series  was  not  pursued  on  these  lines  until  after  the 
publication  of  Dr.  Barrois*  researches  in  1876.^ 

Definition  of  a  Zone. 

Zones  have  been  defined  in  various  ways,  and  we  may  trace  a 
gradual  growth  of  opinion  from  early  indefinite  and  incorrect 

*  Ueber  die  Gault,  <kc.,  Zeitschr.  d.  deut.  geol.  Gesell.  for  1861,  p.  20. 
'  R^cherches   sur   lo    Terrain    Cretace    Superieur   de   TAngleterre    et 
de  rirlando,  Lille,  187fi.     (Mem.  8oo.  (Jeol.  dii  Nonl.) 
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ideas  about  them  to  a  clearer  and  more  correct  conception  of 
their  real  nature.  Thus  most  of  the  earlier  English  writers  on 
the  subject,  like  Dr.  Wright,  Prof.  Phillips  and  Mr.  Ralph  Tate, 
used  the  term  "  zones  of  life,"  and  it  is  probable  that  this 
imparted  to  other  minds  the  impression  that  zones  were 
merely  zoological  assemblages  or  faunas,  and  were  only  useful  as 
indicating  the  succession  of  life-forms  in  a  sequence  of  strata  that 
had  been  established  on  a  different  basis. 

Another  phrase  that  was  frequently  used  by  some  writers 
was  "Ammonite  zones,"  a  phrase  which  naturally  led  to 
the  fallacy  that  zones  were  established  solely  on  the  occurrence 
of  certain  species  of  Ammonites,  without  reference  to  the  distri- 
bution of  other  kinds  of  fossils.  Thus  we  find  Prof.  Phillips 
writing  of  Ammonite  zones  and  Belemnito  zones  and  recom- 
mending that  the  distribution  of  Echinoderms  and  Brachiopoda 
should  be  studied  on  the  same  method.^  That  this  was  not  the 
conception  of  zones  formed  by  those  who  were  at  that  time 
working  at  those  of  the  Lias,  itidy  be  seen  by  referring  to  the 
papers  and  monographs  of  Dr.  Wright-  and  Mr.  Tate.^ 

it  is  interesting  to  notice  that  in  his  earlier  paper  (1867)  Mr. 
Tate  defines  a  zone  as  "  an  assemblage  of  species,"  but  in  his 
later  paper  (1875)  he  writes  "  the  strata  [of  the  Lias]  admit  of  a 
groupmg  into  zones  after  their  palseontological  characters,  and 
further  into  regions  of  Ammonites,  a  classification  as  much  in 
harmony  with  fiicts  as  that  of  the  Oolitic  rocks  into  formations." 

The  idea  that  a  zone  is  essentially  an  assemblage  of  fossils  has 
persisted  in  some  minds  up  to  the  present  day,  out  such  state- 
ments as  "  zones  are  assemblages  of  organic  remains  of  which  one 
abundant  and  characteristic  form  is  chosen  as  an  index,"*  and 
again,  "  they  are  assemblages  of  fossils  that  occur  in  a  more  or 
less  definite  sequence,"^  are  only  partial  definitions  of  a  zone. 
It  is  undoubtedly  true  that  the  fossil  assemblages  occur  in  a 
sequence,  and  that  though  one  or  more  of  them  may  seem  to  bo 
absent  at  certain  places,  this  sequence  is  never  varied  or 
inverted,  but  these  fossil  assemblages  are  the  zonal  faunas  and 
not  the  zones  themselves. 

As  Mr.  H.  B.  Woodward  rightly  observes,  "  the  essential  idea  of 
a  zone  is  that  it  marks,  however  roughly,  a  period  of  time  " ;  it 
corresponds  in  fact  with  the  period  of  tune  during  which  a 
certain  assemblage  of  species  nourished  contemporaneously  in 
one  marine  province,  and  this  being  so  it  must  correspond  with 
the  time  occupied  by  the  deposition  of  the  sediments  which 
enclose  this  assemblage. 

The  very  name  zone  conveys  the  idea  of  a  band,  not  an 
assemblage,  and  it  is  more  than  an  horizon  or  single  bed.    The 

*  Geology  of  Oxford,  1879,  p.  132. 

*  Quart.  Journ.  Geol.  Soc,  Vol.  xvi.  p.  374,  and  the  volumes  of  the 
Palaeont.  Soc.  for  1878  and  1879  (Lias  Ammonites). 

^  Quart.  Journ.  Geol.  Soc,  Vol.  xxiii.  p.  300  (1867)  and  Vol.  xxxi.  p.  493 
(1875). 

*  H.  B.  Woodward  on  Geological  Zones.  Proc.  Geol.  Assoc.  Vol.  xii.  p.  298. 
^  The  Jurassic  Rocks  of  Britain.  Mem.  Geol.  Surv.,  Vols.  iii.  p.  18 ;  iv.p.  23. 
«  See  remarks  by  Mr.  J.  E.  Marr  in  "  Natural  Science,"  Vol.  i.  p.  128  (1892). 
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Srinian'  idea  seems  to  be  a  hand  of  stratified  rock  limited  in 
epth,  but  liaviuj^  a  great  horizontal  or  geographical  extension ; 
and  a  definition  of  it  must  have  primar\'  reference  to  the  strata 
and  not  to  the  fossils.  Perhaps  it  may  be  defined  as  a  Ijand  of 
sedimentary  material  within  which  certain  species  are  either 
restricted  or  are  s{x?cially  abundant,  and  during  the  formation  of 
which  c(?rtiiin  species  acquired  their  greatest  exuberance  and 
their  greatest  geographical  extension. 

More  than  this,  however,  is  implied  by  the  modem  idea  of  the 
term  zone^  for  a  zone  is  only  one  of  several  successive  zones;  it  is 
not  merely  a  specially  fossiliferous  band  in  a  thick  mass  of 
sediment,  but  is  a  subaivision  of  such  a  mass  or  group  of  beds : 
such  a  group  being  generally  divisible  into  two,  three,  or  more 
zones,  one  succeeding  another.  Thus  the  correct  idea  of  a  zone 
involves  three  separate  concepts — space,  time,  and  life. 

If  reference  be  made  to  tne  best  text-books  of  Geology  that 
are  current  at  the  present  day,  it  will  l>e  foimd  that  a  zone 
Is  generally  defined  as  a  group  of  strata  which  contains  a  distinct 
and  recognisiible  fauna,  that  it  is  regarded  as  a  definite  sub- 
division of  a  stage  or  of  a  formation,  and  is  sometimes  stated  to 
be  the  unit  of  a  chronological  and  stratigraphical  classification.^ 
Thus  Prof.  Lapworth  states  that  Stages  are  "  divisible  into  Zonen 
or  minor  groups  of  strata";  Messrs.  Kayser  and  Lake  remark 
that  "  usually  tlie  smallest  geological  unit  is  taken  to  be,  not  the 
l>ed,  ....  but  the  zone."  Liistly,  Mr.  J.  E.  Marr  gives  the 
following  definition : — "  Zones  are  belts  of  strata,  each  of  which  is 
characterised  by  an  tisseuibla^i^e  of  organic  remains,  of  which  one 
abundant  and  characteristic  form  is  chosen  as  an  index." 

This  definition  closely  agrees  ^yith  that  I  have  fonnulated 
above,  which  was  written  before  the  publication  of  Mr.  Marr*s 
useful  little  treatise. 

The  Zonal  Fauna. 

When  we  write  of  the  fauna  of  a  zone  we  generally  moan  all 
the  fossils  which  have  been  or  can  be  found  in  the  beds  which 
are  recognised  as  belonging  to  the  zone.  But  what  may  be 
termed  the  critical  fauna  of  a  zone  is  the  much  smaller 
assemblage  of  fossils  which  are  either  restricted  to  it  or  are 
specially  abundant  in  it.  One  of  these  species  is  then  chosen  as 
tne  index  of  the  restricted  assemblage  of  species,  and  the  name  of 
this  fossil  is  given  to  the  zone,  so  that  we  speak  of  it  as  the  zone 
of  this  fossil,  e.g.,  the  zone  of  Ainrrumitea  varians,  or  the  zone  of 
BeUinniteWt  viucronata. 

There  is  yet  another  point  to  be  considered  before  we  can 
form  a  true  conception  of  a  zone.  If  it  is  regarded  as  part  of  an 
extensive  formation,  and  consequently  as  representing  a  certain 

*  Consult  Sir  A.  Geikie,  Textbook  of  Geology,  Edition  1,  p.  635,  and 
Edition  3,  p.  678  (1893)  ;  Page  and  Lapworth,  Introductory  Textbook  1888, 
p.  125,  ana  Lapworth,  Intermediate  Textbook,  1899,  p.  155;  Kayser  and 
Lake,  Textbook  of  Comparative  Geology,  1895,  p.  6 ;  Marr,  Principles  of 
Stratigraphical  Geology,  1899,  p.  68. 
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part  of  geological  time,  we  must  be  prepared  to  find  much 
variation  in  the  Hthological  characters  of  the  beds  which 
compose  it.  Being  based  on  the  occurrence  of  certain  fossils,  it  is 
independent  of  litliological  variations  and  is  traceable  through 
difterent  kinds  of  deposit.  Thus  a  zone  which  is  part  of  a  clay 
formation  in  one  district  may  consist  largely  of  marl  or  limestone 
in  another  or  may  pass  wholly  into  sand. 

We  mustalso  be  prepared  to  And  that  a  zone  does  not  yield  exactly 
the  same  assemblage  of  fossils,  or  of  its  critical  fossils,  in  every 
district ;  even  when  the  component  material  is  similar,  and  much 
more  when  the  beds  consist  of  different  material.  There  will  be 
some  species  in  the  sandy  beds  which  do  not  occur  in  the  clays, 
and  some  in  the  limestones  which  do  not  occur,  at  any  rate  so 
commonly,  in  the  sands  and  clays. 

Hence  the  complete  fauna  of  a  zone  is  not  likely  to  be  known 
unless  we  can  trace  it  through  several  different  kinds  of 
sedimentary  deposits.  A  good  mstance  of  this  is  furnished  by 
the  zone  otAmvionites  rostrafus  in  England.  In  Kent  this  zone 
consists  entirely  of  clay  and  marl,  m  West  Surrey  and  in 
Hampshire  it  consists  chiefly  of  sandy  marl  and  mahnstone,  in 
Wilts  it  is  a  succession  of  malmstone,  gaize,^  and  sand,  while  in 
Devon  it  consists  wholly  of  sand.  In  this  zone  we  may 
distinguish  at  least  three  faunal  facies,  which  we  will  call  the 
Folkestone,  the  Devizes  and  the  Blackdown  facies,  and  each  of 
them  contains  some  fossils  which  are  common  only  in  the  area 
occupied  by  that  facies.  As  an  instance  we  may  mention 
Pharoinya  inandibvZa,  a  species  which  is  common  in  and 
characteristic  of  the  zone  in  W  iltshire,  but  has  never  been  found 
at  Folkestone,  nor  at  Blackdown. 

Such  facts  teach  us  that  a  full  collection  of  fossils  from  a  single 
locality,  or  from  a  single  lithological  facies  of  a  zone,  will  not 
furnish  us  with  the  complete  fauna  of  the  zone,  considered  as  a 
palaeontological  division  and  as  a  portion  of  geological  time.  A 
neglect  of  this  consideration  has  led  to  some  mistakes,  and  the 
existence  of  different  zonal  facies  sometimes  makes  the  correlation 
of  zones  in  different  areas  a  difficult  matter,  especially  if  they  are 
geographically  isolated. 

Index  Species. 

It  has  been  mentioned  that  one  of  the  characteristic  species 
is  chosen  as  the  index  of  the  zone.  This  is  not  necessarily  a 
restricted  species ;  it  may  be  one  which  ranges  into  higher  and 
lower  zones,  but  which  is  specially  abundant  in  the  zone  for 
which  it  is  chosen  as  the  inaex.  Inoceramtts  mytilouloi,  which 
gives  its  name  to  a  zone  in  the  Middle  Chalk,  is  a  case  in  point. 

It  is  often  difficult  to  select  a  species  which  will  be  a 
satisfactory  index  for  a  zone  over  the  whole  country,  ft  may 
happen  tnat  a  species  is  particularly  common  in  one  district 
and  is  chosen  as  an  index  tor  the  zone  in  which  it  occurs,  while 
in  another  part  of  the  country  this  species  is  much  less  common, 
and  the  person  describing  the  zone  in  the  latter  district  chooses 

*  See  p.  54. 
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some  other  species  as  an  index.  In  this  way  the  same  zone  may 
have  (lifterent  index-names  in  different  districts  or  in  adjoining 
countries.  Thus  the  zone  which  is  known  in  England  as  that 
of  Rhynchcniella  Cuvieri  is  known  in  France  as  the  zone  of 
Inoceraraus  lahiatus  ( =  /.  Tnytiloides).  Sometimes  it  is 
convenient  to  use  both  names,  adopting  two  index-species. 

Again,  it  may  happen  that  a  fossil  may  have  a  restricted 
range  in  one  area,  but  a  more  extended  one  in  another, 
consequently  if  it  has  been  selected  as  a  zonal  index  in  the 
first  area,  it  becomes  necessary  to  take  another  fossil  as  an 
index  in  the  second  area.  This  is  the  case  with  Holast^r 
8ubgloho8\i8y  which  has  a  restricted  range  in  certain  parts  of 
England  and  gives  its  name  to  a  zone,  but  in  the  north-east 
it  IS  commoner  in  a  lower  zone,  so  that  it  would  only  be 
misleading  to  retain  it  as  an  index  for  the  higher  zone  in 
that  part  of  the  country.  In  such  a  case  we  may  either  select 
another  species,  e.g,  Offaster  aphcericv^,  and  say  the  zone  of  0 faster 
sphcericit^  represents  the  zone  oiHoloMer  subglohosus,  or  we  must 
abandon  the  use  of  the  latter  name  and  adopt  that  of  some 
species  which  occurs  in  both  areas. 

The  reader  must  be  cautioned  against  becoming  possessed 
with  the  idea  that  a  zone  is  a  set  of  beds  characterised  by  the 
occurrence  of  one  particular  species,  and  that  every  bed  which 
yields  this  index-species  must  belong  to  the  zone.  It  must  bo 
remembered  that  tnis  particular  species  is  only  one  of  several  or 
many,  and  that  it  is  this  assemblage  of  species  which  is  the 
guide  to  the  zone. 

Mr.  Ralph  Tate  made  some  apposite  remarks  on  this  subject 
which  are  worth  quoting.^  He  says  *' species  of  Ammonites 
have  been  selected  as  indices  to  the  zones,  but  their  presence 
alone  docs  not  warrant  us  in  assigning  this  limestone  to  the  zone 
of -4m.  amjalatits  or  that  clay  to  that  of  4m.  TuimeH,  as  the 
case  may  be ;  for  they  may  range  through  several  zones.  The 
Ammomte  which  gives  its  name  to  a  zone  is  but  one  of  many 
which  mark  a  detenninate  stage  in  the  Ufe-history  of  the 
formation.  Hence  the  zone  is  a  zoological  one  and  signifies  an 
assemblage  of  species,  and  whether  you  call  it  Lias  a  and  Lias  /3, 
&c.,  or  the  zones  of  Amvionites  pUinoQ'bia  and  Ammonites 
angiilatiiSy  the  succession  of  faunas  in  the  Lower  Lias  still 
remains  patent,  and  it  is  to  these  several  faunas  that  the  term 
Ammonite  zone  is  applied." 

This  is  true,  except  that  the  term  zone  should  be  connected 
more  definitely  witn  the  hand  of  strata  which  contiiins  the 
special  fauna.  As  Tate  himself  says,  the  zone  may  be  called 
Lias  a  or  Lias  /3,  and  it  is  the  beds  which  constitute  the  zone. 

Thus  a  zone  may  be  traced  continuously  from  an  area  in 
which  fossils  are  abundant  to  one  in  which  fossils  are  very  rare 
and  in  which  it  is  difficult  to  find  any  of  the  species  which  form 
the  zonal  assemblage.    This  actually  happens  m  the  case  of  the 


^  On  the  Lower  Lias  of  Ireland.    Quart.  Joum.  Geol.  Soc.,  Vol.  xxiii, 
p.  300  (1867). 
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zone  of  Holaster  axibglohoaiiSy  but  the  beds  are  there,  and  it 
would  certamly  be  incorrect  to  say  that  the  zone  is  absent. 

Value  of  Zones ;  Sub-zones ;  HemersB. 

The  value  and  importance  of  a  zone  depends  partly  on  the 
number  of  restricted  species  and  partly  on  tne  extent  of  country 
over  which  it  can  be  traced.  The  thickness  of  a  zone  is  of 
course  a  stratigraphical  accident,  depending  merely  on  the 
amount  of  sediment  deposited  at  any  locality  during  the  life* 
time  of  the  zonal  fauna.  Thus  a  zone  may  be  in  one  area  only  a 
few  feet  in  thickness,  in  another  it  may  be  20  or  30  feet,  and  in  a 
third  it  may  expand  into  200  or  300  feet. 

Hitherto  the  term  zone  has  been  applied  to  bands  of  very 
different  importance ;  some  having  a  large  number  of  restricted 
species,  and  a  great  geographical  extension,  with  occasional 
expansion  into  formations  which  are  several  hundred  feet  thick ; 
others  are  of  small  importance,  being  merely  a  few  beds 
containing  one  or  two  restricted  species  and  not  traceable  over 
a  very  large  area. 

Recently,  however,  it  has  been  perceived  that  the  latter  are 
subordinate  divisions,  often  local,  but  still  component  parts  of  a 
larger  and  more  extensive  zone.  French  geologists  have  some- 
times used  the  term  niveau  (meaning  horizon)  for  such  minor 
zones,  but  sub-zone  seems  a  better  English  name,  and  it  has  the 
advantage  that  it  can  be  easily  rendered  in  French  as  sous-zone. 

Thus  a  broad  and  important  zone  will  often  include  two  or 
more  sub-zones  which  may  or  may  not  be  co-extensive  with 
the  zone.  But  it  is  only  in  localities  in  which  a  zone  is 
especially  fossiliferous  that  many  sub-zones  can  be  recc^ised. 
The  Lower  Gault  clay  of  Folkestone,  which  is  the  equivalent  of 
the  French  zone  d  Ammonites  interrupHtSy  presents  an  example 
of  such  sub-zones.  Mr.  F.  G.  H.  Price  has  aivided  it  into  eight 
"  beds,"  as  he  called  them,  most  of  which  are  really  sub-zones, 
each  characterised  by  certain  species  which  are  rare  or  absent  in 
the  others.  Moreover  some  similar  sub-zones  have  been 
recognised  by  M.  Delatour  in  the  Guult  of  Brienne  (Aube). 

A  sub-zone  may  be  defined  as  a  portion  of  a  zone  which  is 
characterised  by  one  or  more  peculiar  species,  but  there  is  not 
necessarily  a  succession  of  such  sub-zones.  Thus  the  zone  of 
Ammonites  varians  in  the  Lower  Chalk  has  at  its  base  the  sub- 
zone  of  Stauronema  Carteri,  but  no  other  sub-zone  has  as  yet 
been  established  in  that  zone. 

Mr.  S.  S.  Buckman  is  of  opinion  that  still  more  minute  sub- 
division of  the  zone  is  necessary,  and  he  has  proposed  the  term 
hemera  for  "  the  acme  of  development  of  one  or  more  species." 
or,  as  it  might  be  rendered,  the  particular  horizon  at  which  a 
certain  species  occurs  or  is  most  abundant.  He  says,^ "  Successive 
'  hemerse '  should  mark  the  smallest  consecutive  divisions  which 
the  sequence  of  different  species  enables  us  to  separate  in  the 
maximum  developments  of  strata.^     In  attenuated  strata  the 


*  Quart.  Joum.  Geol.  See.,  Vol.  xlix.  p.  481  (1893). 
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deposits  belonging  to  successive  heniene  may  not  be  absolutely 
distinguishable,  yet  the  presence  of  successive  hemene  may  be 
recognised  by  their  index-species  or  some  knowii  contemporary, 
and  reference  to  the  maxunum  developments  of  strata  wul 
explain  that  the  hemerse  were  not  contemporaneous  but 
consecutive."  On  a  later  page  (518)  he  explains  this  further  by 
showing  that  if  two  species  occiu*  together  in  one  thin  band  of 
rock,  and  if  this  band  expands  into  a  greater  thickness  elsewhere, 
it  will  generally  be  found  that  the  one  species  occurs  in  the 
lower  part  and  the  other  in  the  upper  part  of  the  bed. 

Such  observations  are  interesting  and  important  in  the  study 
of  a  special  district,  but  it  has  yet  to  be  proved  that  the  succession 
of  fossil  species  is  everywhere  the  same.  Mr.  Buckman,  however, 
does  not  seem  to  consider  that  a  given  species  cannot  possibly 
have  appeared  everywhere  at  the  same  time,  and  that  even  in  the 
same  province  or  basin  of  deposition  the  order  in  which  species 
arrived  at  different  localities  must  often  have  been  different. 
Suppose  one  species  were  entering  an  area  from  the  east  and 
another  from  the  west,  there  would  necessarily  be  a  line  on  one 
side  of  which  the  order  of  appearance  would  be  the  reverse  of  that 
on  the  other  side ;  so  that  sUirting  from  a  |X)int  on  this  line  we 

should  find  the  superposition  in  one  direction  to  be-j^  and  in 
another  direction  "-  - 

It  must  be  remembered,  too,  that  some  species  go  with  special 
kinds  of  sediment,  and  that  by  a  change  of  local  conditions  the 
successional  order  of  species  may  be  changed.  Dr.  J.  W.  Gregory 
has  mentioned  an  insUince  of  this ;  he  says,^ "  The  slightest  variations 

Produced  by  age  may  be  completely  overshadowed  by  differences 
ue  to  altered  circumstances,  and  nence  the  evidence  of  palieon- 
tolog}'  must  be  accepted  with  considerable  caution.  Thus  in 
Malta  the  calcareous  marls  with  fish  teeth,  etc.,  occiu:  near  the 
base  of  the  series,  and  the  great  Clypeaster  beds  above ;  but  iu 
Corsica,  the  succession  is  reversed.'* 

The  above  critii*ism  is  only  directed  against  the  assumption 
that  the  homera  is  co-extensive  with  the  zone  and  that  the 
sequence  of  hemene  nuist  always  be  the  siimc.  Jn  certain 
formations  like  the  Inferior  Oolite,  where  fossils  are  locally 
abundant  and  many  species  of  Ammonites  occur,  it  may  be 
useful  to  establish  both  sub-zones  and  hemene,  provided  that 
they  are  not  expected  to  be  traceable  over  large  tracts  of  country ; 
but  in  the  Upper  Cretaceous  rocks  of  Britain  and  in  the  present 
state  of  our  knowledge  no  more  minute  division  than  a  sub-zone 
Is  necessary  or  desiraole. 

The  Limits  of  Zones. 

The  limits  of  a  zone  may  be  definite  or  indefinite.    Where 

sedimentation  has  been  continuous  and  fairly  rapid  the  Ihnits  of 

»  ^^— ^— ^^^p—  ^  ■  II    ^-^— ^.^^^— ^^.^—   .    I    .    I    .1     ■         ^—^—^1^—^-^ 

^  Mr.  Buckman  says  that  his  hemene  are  not  to  be  regarded  as  sub- 
divisions of  a  zone,  but  it  is  difficult  to  undei-sitand  his  own  oxi)lanation  of 
them  in  ^x\y  other  sense. 

*  See  also  W.  T.  Blanford,  Addref^a  to  Oeol.  Soc,  1«80  ;   Quart.  Joumt  • 
(>6ol.  Soc.  Vol.  Iv.  (Proc.)  p.  "72. 

'  Trand,  Royal  Soc.  Edin.,  Vol.  xxxvi.  p.  633. 
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the  zones  will  naturally  be  indefinite ;  some  of  the  characteristic 
species  of  one  zone  may  survive  into  the  overlying  zone,  and 
others  which  are  characteristic  of  the  latter  may  make  their  first 
appearance  in  the  former.  Thus  in  many  cases  it  is  impossible 
to  say  exactly  where  the  one  zone  ends  and  the  other  begins,  and 
though  by  careful  collecting  one  may  fix  it  with  fair  certainty  in 
one  section,  one  cannot  be  certain  of  taking  exactly  the  same 
plane  of  separation  in  another  quarry  or  cliff'  which  is  a  few 
miles  away  from  the  first.  Thus  where  a  zone  is  complete  its 
limits  are  indefinite,  but  the  succession  of  zones  will  be  the  same 
in  both  places. 

Where  a  zone  has  definite  limits  it  is  generally  because 
sedimentation  ceased  for  a  time,  and  in  many  cases  because  an 
erosive  current  swept  away  some  of  the  sediment  which  had 
previously  been  accumulated,  thus  destroying  the  continuity  of 
the  record  and  producing  what  is  called  a  "  surface  of  contem- 
poraneous erosion."  Even  if  the  current  was  only  strong  enough 
to  prevent  the  accumulation  of  sediment,  it  causes  a  break  in  the 
record,  because  for  a  time  there  is  no  embedment  and  preservation 
of  organic  remains.  In  this  way,  therefore,  a  zone  or  a  sub-zone 
may  die  out  when  traced  in  a  certain  direction. 

Thus  in  South  Wiltshire  there  is  a  complete  passage  from  the 
zone  of  Pecten  ctsper  and  Card i aster  fossarkis  to  that  of 
Avimonites  variaii8,  the  latter  commencing  with  the  sub-zone  of 
Stawronema  Carteri ;  but  in  Dorset  this  sub-zone  is  absent  and  a 
higher  part  of  the  zone  of^m.  varians  rests  on  an  eroded  surface 
of  the  Pecten  asper  zone, 

Correlation  of  Zones. 

When  a  succession  ot  zones  has  been  well  established  in  one 
locality,  say  in  a  clear  and  continuous  cliff  section,  it  is  generally 
•easy  to  follow  the  outcrops  of  the  zones  inland,  provided  the 
Tooks  are  sufficiently  fossiliferous  and  provided  there  is  a 
8V\mciency  of  exposures.  , 

Again  it  is  seldom  difficult  to  identify  the  zones  ot  one  cliff 
section  or  good  exposure  with  those  in  another  such  section  ten 
or  twenty  miles  away,  provided  the  beds  are  of  similar  lithic 
character  and  were  deposited  in  the  same  marine  province  or  area 

of  sedimentation.  .  ,     ,      i        •        n 

'  When,  however,  we  have  to  deal  with  the  deposits  ot  a  more 
/listant  area,  either  in  the  same  country  or  in  another  country, 
and  with  beds  of  a  different  mineral  character,  the  correlation  ot 
zones  and  sub-zones  becomes  more  difficult.  The  succession, 
which  was  complete  in  the  first  lociility,  may  be  incomplete  m  the 
other,  and  we  shall  then  have  to  determine  what  zones  or  parts 
of  zones  arc  present  and  what  are  absent.  There  are  sure  to  be  a 
certain  number  of  species,  and  often  a  large  number  occurring  as 
more  or  less  common  fossils  in  the  distant  area,  which  did  not 
exist  in  the  locality  first  investigated.  In  point  of  tact  the  local 
conditions  may  have  been  so  diff'crent  that  the  tacies  of  each 
zonal  fauna  is  tlifterent,  and  though  a  similar  succession  ot  Jito, 
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fomis  may  be  ap|>aront,  yet  it  will  not  be  easy  to  correlate  the 
two  successions  zone  by  zone. 

In  such  a  ease  as  thfs  it  will  be  found  necessary  to  rely  more 
on  the  evidence  of  the  Cephalopoda  than  on  that  of  any  other 
class  of  fossil  remains,  because  they  appear  to  have  been  more 
independent  of  sedimentary  conditions,  so  that  each  species  had 
a  wider  and  more  continuous  geographical  extension  at  any  one 
epoch  of  time ;  and  b(icause  the  lifetime  of  each  species  was 
generally  short,  so  that  their  vertical  range  is  generally  less  than 
uiat  of  other  contemporaneous  organisms. 

The  Gasteropoda,  Lamellibranchiata,  Brachiopoda,  Polyzoa, 
Echinoderms  and  Sponges  are  all  dwellers  on  the  noor  of  the  sea, 
and  as  siich  are  dependent  on  suitable  local  conditions  of  habitat, 
food  and  depth  of  water.  Moreover  individual  species  belonging 
to  these  classes  were  often  long-lived,  and  often  have  a  consider- 
able vertical  range ;  for  though  they  may  die  out  and  disappear 
in  one  area  under  stress  of  unsuitable  conditions,  their  free 
swimming  embryos  could  find  suitable  environment  elsewhere, 
and  consequently  could,  if  not  displaced  by  another  species, 
survive  to  a  later  period  of  time. 

We  see,  therefore,  that  the  doctrine  of  the  identification  of 
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Deposits, 

zones  by  the  presence  of  the  same  species  has  its  limitations. 
Hence  the  geologist  who  is  working  out  the  zones  of  any  series 
of  rocks  must  not  rely  too  impUcitly  upon  the  occurrence  of  any 
one  species,  nor  on  the  presence  of  several  species  if  they  belong 
to  the  classes  above  mentioned.  He  must  remember  that  their 
presence  may  be  due  not  to  synchronism  of  deposit  but  to 
similarity  of  environment.  In  other  words,  the  fossils  nmst  not 
be  made  the  basis  for  conclusions,  apart  from  a  full  consideration 
of  the  stratigraphical  evidence,  or  they  will  prove  false  guides,  and 
will  lead  the  observer  to  erroneous  results. 

Thus  if  he  is  dealing  with  a  set  of  deposits  which  overlap  one 
another  and  have  evidently  been  formed  during  the  progress  of  a 
great  subsidence,  he  must  be  prepared  to  find  cases  where  tho 
same  species  characterise  different  zones.  For  example,  deposits 
formeainan  early  part  of  the  period  may  be  characterised  by 
certain  species  of  Uardium,  Pectev,  Rhynchondla,  Terebratula, 
Epidsfer  o?'  Pseiulod'mdemu,  and  above  the  beds  in  which  these 
species  occur  he  may  find  another  set  characterised  by  a  different 
specific  assemblage,  because  the  species  of  the  lower  zone  could 
not  accommodate  themselves  to  the  changed  conditions,  so  they 
migrated,  and  their  place  was  taken  by  another  assemblage.     In 
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another  part  of  the  country,  however,  he  may  find  deposits 
containing  many  of  the  lower  zone  species  mingled  with  some  of 
those  in  the  higher  zone,  and  the  observer  may  be  misled  into 
supposing  that  he  has  found  a  representative  ot  the  lower  zone, 
whereas  the  deposit  is  really  a  shallow- water  representative  of  the 
higher  zone. 

Such  a  case  is  indicated  diagrammatically  in  Fig.  8,  where 
the  curved  line  F  S  L  represents  the  slope  of  a  sea  Boor.  A  is 
a  deposit  formed  when  the  sea  level  was  not  far  above  the  point 
S,  and  B  C  are  deposits  formed  when  the  sea  level  was  along 
the  line  L  L.  Dunng  the  formation  of  A  a  certain  assemblage 
of  animals  existed,  but  as  the  water  deepened  many  of  these 
migrated  landward  and  survived  to  become  embedded  in  the 
deposit  C;  this  deposit  C  being  fonned  during  the  same  time 
that  B  was  accumulated  over  A.  In  this  case  the  fauna  of  C 
may  bear  a  general  resemblance  to  that  of  A,  but  if  the 
Cephalopods  are  selected  alone  for  comparison  it  will  probably 
be  found  that  those  of  C  are  the  same  as  those  in  B,  and  are 
diflferent  from  the  species  occurring  in  A. 


CHAPTER  IV. 

GENERAL  ACCOUNT  OF  THE  GAULT  AND  UPPER 

GREENSAND  (SELBORNIAN). 

Relation  to  Underlying  Strata. 

Where  the  Gault  is  underlain  by  Lower  Cretaceous  deposits, 
there  is  generally  more  or  less  of  a  passage  from  one  to  the  other, 
and  this  has  leu  to  some  difference  of  opinion  as  to  the  exact 
horizon  which  should  bo  taken  as  the  base  of  the  G«,ult  in 
certain  districts. 

Towards  the  west,  however,  the  G«,ult  overlaps  the  Lower 
Cretaceous  series,  and  where  this  overlap  occurs  there  is,  of 
course,  no  difficulty  in  determining  the  base-line  of  the  Gault 
or  of  its  sandy  representative  in  the  so-willed  Upper  Greensand. 
Such  is  the  case  in  Dorset  and  Devon ;  the  Gault  has  been  found 
to  overlap  the  Lower  Greensand  about  half  a  mile  west  of 
Lulworth  in  South  Dorset,  and  near  the  village  of  Okeford 
Fitzpaine  in  North  Dorset.  In  South  Dorset  it  rests  first  on  the 
Wealden,  then  on  the  Purbeck  and  Portland  Bods,  and  thence  the 
combined  Gault  and  Greensand  pass  su(jcessively  across  the 
members  of  the  Jurassic  System,  till  they  rest  on  tlie  Lower  Lias 
near  Lyme  Regis,  and  on  the  Trias  and  rermian  in  Devonshire. 

There  is  a  similar  overlap  in  South  Wilts  and  North  Dorset, 
but  along  this  line  a  thin  and  irregular  representative  of  the 
Lower  Greensand  accompanies  the  Crault  across  the  outcrops  of 
the  Purbeck  and  Portland  Beds  in  the  Vale  of  Wardour  and  on 
to  the  Kimeridge  Clay  in  Dorset,  till  it  is  overlapped  as  above 
mentioned  near  Okeford  Fitzpaine,  and  the  Gault  thence  passes 
across  the  Kimeridge  Clay  on  to  older  members  of  the  Jurassic 
series,  till  it  runs  out  or  is  lost  as  a  separate)  argillaceous  deposit. 

The  simie  is  the  case  in  Yorkshire ;  at  Speeton  there  is  a 
passage  from  the  highest  member  of  the  Lower  CretJiceous  series 
into  the  grey  and  red  marls  which  represent  the  Gault,  but  as  the 
beds  are  traced  westward,  the  "  Red  Chalk  "  is  found  to  overlap 
the  Speeton  Clay  so  as  to  rest  first  on  the  Kimeridge  Clay,  then 
the  Corallian,  and  finally  on  the  Oxford  Clay.  In  all  probability 
this  overstep  was  continued  westward,  and  if  the  Cretaceous  Rocks 
had  not  been  entirely  removed  from  the  western  parts  of 
Yorkshire  we  shoulrl  doubtless  have  found  the  Red  Chalk 
passing  transm:essively  across  all  the  meml)ers  of  the  Jurassic 
Systent  and  also  across  the  Triassie  and  Permian  strata,  till  they 
came  to  rest  on  the  Carboniferous  rocks  of  the  Pennine  Chain. 

In  this  cha})ter  wo  shall  show  that  the  clays,  marls,  sands,  and 
sandstones  which  make  up  the  Selbornian  stage  fall  naturally 
into  three  groups  or  substagos :  1,  Lower  Gaiilt ;  2,  Upper  Gault 
and  Devizes  Beds ;  3,  Warminster  Beds, 
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The  Zones  comprised  in  the  Lower  Gktnlt. 

It  has  been  already  mentioned  that  some  diflference  of  opinion, 
exists  with  regard  to  the  horison  which  should  be  taken  as  the 
plane  of  separation  between  the  Gault  and  the  Lower  Greensand ; 
m  other  words,  it  has  not  yet  been  settled  what  bed  should 
be  regarded  as  the  base  of  the  Gault  in  those  places  where  the 
seauence  is  most  complete. 

It  has  been  customary  in  England  to  regard  the  Gault  as 
commencing  with  clsiyeyheds  cont^immg  Arnrn^mitea  inter7*uptiis 
and  to  refer  all  beds  below  this  horizon  to  the  Lower  Greensand. 
In  France,  however,  the  sands  containing  Ammonites  m^am- 
millat ics^  which  underlie  the  clays  with  A.  intemipfua  have 
always  been  included  in  the  Gault  or  Albian  of  d'Orbigny. 

Zone  of  Ammonites  mammillatus. 

The  existence  of  the  zone  of  Am.  mammillatus  at  Folkestone,  as 
well  as  at  Wissant  on  the  opposite  coast  of  France,was  first  pointed 
out  by  Mons.  A.  Gaudry  in  1859.^  In  1875.  Prof  Barrois  ^  claimed 
the  whole  of  the  Folkestone  Beds  as  the  equivalent  of  this  zone,but 
in  a  later  memoir^  he  relinquished  this  view  and  limited  the  zone 
to  the  bed  described  by  Mr.  F.  G.  H.  Price  in  the  same  year  as 
the  highest  member  or  the  Folkestone  Beds."^ 

Mr.  Price,  writing  in  1879,^  could  not  accept  the  view  that  this 
bed  should  be  detached  from  the  Folkestone  Beds  and  regarded 
as  part  of  the  Gault.  On  the  other  hand.  Dr.  J.  W.  Gregory  in 
1895^  supports  the  view  maintained  by  Prof  Barrois.  He  says 
"' A'^antlioceras  mammdlare  does  not  occur  in  the  Lower 
Greensand  except  in  this  uppermost  of  the  four  divisions  into 
which  Price  has  divided  the  Folkestone  Beds,  This  narrow 
zone  must  bo  included  in  the  Albian  and  regarded  as  part  of  the 
basement-bed  of  the  Gault." 

Finally  in  1896  Mr.  R.  B.  Newton,  recording  the  discovery  of 
the  zone  in  Dorset,®  writes,  "  Opinions  were  long  divided  as  to 
whether  the  Ac.  mammillatnm  zone  represented  the  top  of  the 
Lower  Greensand  (Aptian)  or  the  base  of  the  Gault  (Albian)* 
The  latter  view  is  that  generally  adopted  now  on  account  of  so 
many  species  passing  up  into  the  true  Gault  series." 

It  appears,  therefore,  that  this  view  has  gradually  been  gaining 
ground  among  English  geologists,  but  the  beds  referable  to  the 


*  Usually  called  mammilluris^  but  Schlotheim's  name  was  orginally 
written  mammillatus, 

»  Bull.  Soc.  G^l.  de  France,  Ser.  2.  Vol.  xvii.  p.  32  (1860). 

3  LAge  des  "  Folkestone  Beds."  Bull  Soc.  Geol.  du  Nord,  t.  iii.  p.  23. 

*  Terrain  Cr6tace  dea  Ardennes.  B.  S.  G.  du  Nord,  t.  v.  p.  227  (1878) 

*  On  the  Lower  Greensand  and  Gault  of  Folkestone.  Proc  Geol.  Assoc., 
Vol.iv.  p.  139(1875). 

^  The  Gault,  a  lecture  privately  pu]>lished .    Taylor  and  Francis,  London. 

^  On  a  Collection  of  Fossils  from  the  Lower  Greensand  of  Great  Chart  in 
Kent,  Geol  Mag..  Dec,  4,  Vol  ii.  p,  97, 

^  On  the  Identification  of  the  iica/ifAocema  mammillatum  and  llojflti^i 
intitruptm  xonen  in  Doraet ;  Geol  Mag.,  Dec.  4,  V.  iii.  p.  188, 
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zone  of  A.  maninullatiis  in  this  country  are  of  small  thickness, 
nowhere  more  than  six  feet,  and  the  fauna  the^  contain  is  not  a 
lar^e  one.  In  France  the  zone  of  Am.  viavirmUatus  has  a  much 
fuller  development,  and  consequently  the  question  of  whether  it 
should  be  properly  included  in  the  Gault  or  not  should  be  decided 
by  a  study  ot  the  French  deposits.  To  form  an  opinion  on  this 
point  we  have  Ciirefully  considered  the  evidence  published  by 
Messrs.  Ebray,  Barrois,  Delatour  and  other  French  geologists.^ 

From  their  papers  we  tind  that  the  zone  of  Am.  inamm Hiatus 
can  bo  followed  all  round  the  eastern  and  southern  sides  of  the 
Paris  basin ;  that  it  is  specially  fossiliferous  in  the  Departments 
of  the  Ardennes  and  the  Meuse;  that  from  localities  in  these 
departments  Prof  Barrois  records  114  species  of  Invertebrata  and 
that  62  of  these  (or  more  than  half)  pass  up  into  the  Gault  clays. 
The  commonest  species  of  Ammonites  found  in  these  sands  are  — 
interrupt  u^s^  Beudanti,  vmmtnilkitus,  rnvlin'uvnas,  clean, 
regidaris,  liasicostatxia  and  millet lan ux ;  and  all  these  except  the 
two  last  pass  up  into  the  overlying  clays.  In  other  wonls,  not 
only  is  Am.  interraptus  found  in  the  zone  of  mummillfttus,  but 
m^ammillatas  is  a  common  fossil  in  the  zone  of  interruptus. 

From  these  facts  it  would  appear  that  French  geologists  coidd 
hardly  have  done  otherwise  than  to  regard  the  two  zones  as  jmrts 
of  one  and  the  same  stage.  They  were  both  included  by  d'Orbigny 
in  his  "etage  Albien/  and  though  the  stratigraphy  has  been 
worked  out  in  much  greater  detail  since  his  time,  the  results 
have  only  confirmed  his  view  that  the  Albian  should  include  the 
Am.  maTumiUatua  sands.  This  being  so,  we  are  forced  to  conclude 
that  any  beds  in  England  which  can  be  shown  to  be  the  strati- 
graphical  eq^uivalent  of  this  French  zone  of  Am.  mamm,illatus 
ought  to  be  mcluded  in  the  same  stage  as  the  Gault. 

There  is  no  doubt  that  the  six  feet  of  sand  below  the  horizon 
which  has  usually  been  taken  as  the  base  of  the  Gault  at 
Folkestone  does  belong  to  the  zone  in  question,  and  we  shall 
therefore  include  this  in  our  account  of  the  Guult  at  that  place. 
It  is,  however,  a  curious  fact  that  Amyrwuites  mximmillatus  is 
not  a  common  fossil  in  England,  having  only  yet  been  found  at 
one  other  locality  in  Kent,  at  one  place  in  Surrey,  and  at  another 
in  Dorset ;  but  the  zone  is  believed  to  occur  at  other  places  in 
spite  of  the  absence  of  the  characteristic  fossil.  The  deposits 
wliich  may  possibly  represent  it  will  be  described  and  discussed 
as  we  come  to  them. 


*  The  principal  memoirs  relating  to  this  question  are  : — 

(1)  Ebray,  Stratigraphie  do  I'fetEige  Albien  dans  les  dei>artemcnt8  de 
TYonne,  de  rAul>e,  de  la  Haute  Manie,  *fec.  Bull.  Soc.  Geol.  de  Fr.,  t.  xx. 
p.  '209  (1864.) 

(a)  Cli.  Barrois,  8ur  le  (ilault  et  sur  les  couches  entre  lesquelles  il  est 
conipns  dans  le  bassin  de  Paris.     Ann.  Soc.  Geol.  Nord.  t.  ii,  p.  1  (1875). 

(3)  Ch.  liarrois,  Le  Gault  dans  le  bassin  de  l^aris.  Bull.  Soc.  Geol.  de  Fr., 
Ser.  t.  iii.  p.  707  (1875). 

(4)  Delatour,  Sur  le  Gault  des  environs  des  Brienne  (Aube).  Bull.  Soc. 
Geol.  de  Fr.  Ser.  3,  t.v.  p.  ±1  (1876) 

(5 1  C^h.  Barrois,  Memoire  sur  le  terrain  cr^tace  des  Ardennes.  Ann.  Soc. 
G^l.  Nord.,  t.  V.  p.  227  (1878), 
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Zone  of  Amvionites  iTiterruptus. 

Where  the  zone  of  Atti.  TnammilUittut  is  absent,  and  such 
certainly  seems  to  be  the  case  in  some  places,  this  zone  forms  the 
base  of  the  Gault,  and  it  frequently  has  a  bed  or  beds  of  phosphatic 
nodules  at  its  base.  In  other  places  there  is  a  sandy  and  pebbly 
bed  at  the  base  and  sometimes  a  layer  of  brown  ferruginous  rock. 
This  variable  basement-bed  is  succeeded  bv  clays  sometimes  very 
dark  grey  and  close  grained,  and  often  micaceous  and  sometimes 
sandy.  These  clays  vary  in  thickness  from  10  to  50  feet  and 
generally  contain  the  characteristic  Am.  hiterrujyfurs.  At  Folke- 
stone they  fonn  Bed  1  of  Mr.  Price's  description,  and  are  there  only 
10  feet  thick.  In  the  Midland  counties  along  the  outcrop  from 
N.  Wiltshire  to  Cambridgeshire  they  vary  from  20  to  50  feet,  but 
it  is  really  seldom  that  they  can  be  aistinctly  separated  from  those 
above,  because  exposures  are  few  and  fossils  are  not  common 
except  at  one  or  two  horizons. 

Proof  has  been  obtained  of  the  existence  of  this  zone  as  far  west 
as  Okeford  Fitzpaine  near  Sturminster  in  Dorset,  and  it  probably 
extends  still  further  into  the  western  part  of  that  county,  but 
there  is  no  proof  that  it  enters  into  the  composition  of  the 
Devonshire  Greensand. 

Zone  of  AmTnonitea  hiutus. 

Where  the  Gault  is  sufficiently  fossiliferous  and  sufficiently 
well  exposed  for  the  succession  of  beds  to  be  studied,  the  upper 
part  of  the  Lower  Gault  is  found  to  contain  some  fossils  which  do 
not  occur  in  the  lowest  beds,  and  this  part  may  be  called  the 
zone  of  Aininonites  lautus.  At  Folkestone  it  includes  Beds  2, 
3,  4,  5,  6,  and  7  of  Price,  with  a  total  thickness  of  about  18 
feet  (see  p.  71).  It  can  be  distinguished  again  near  Devizes 
in  Wiltshire.  It  must  also  form  the  greater  part  of  the  Lower 
Gault  in  the  coimties  of  Oxford,  Buckingham  and  Bedford, 
but  exposures  are  so  few  and  fossils  so  rare  in  the  clays 
that  Amtnonifes  Umtus  has  seldom  been  found ;  moreover  in 
this  part  of  England  the  vertical  distribution  of  the  various 
species  of  Ammonites  seems  to  be  different  from  that  which 
obtains  in  the  south-eastern  counties. 

Variolations  in  thickness  and  lithological  character  of  strata. 

It  must  be  understood  that  the  several  zones  above  described 
can  only  be  definitely  recognised  in  the  south  of  England.  At 
Folkestone  still  more  minute  subdivisions  have  been  made  out 
by  Mr.  De  Ranee  and  Mr.  F.  G.  H.  Price,  and  these  will  be 
described  in  the  sequel,  but  we  do  not  suppose  that  these 
sub-zones  have  a  wide  extension  even  in  the  south-east  of 
England. 

At  Folkestone  the  Lower  Gault  as  a  whole,  and  including  the 
zone  of  J.m.  manfimiHatus,  is  only  34^  feet  thick.  In  the  north- 
west of  Kent  and  in  Surrey  it  appears  to  be  thicker,  but  wo  do 
not  yet  know  how  much  of  the  Gault  clay  in  that  region  belongs 
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to  the  Lower  Gaiilt  and  how  much  to  the  l^pper.  Still  further 
west  near  Devizes  it  is  about  90  feet  thick,  and  as  it  is  followed 
northwards  it  becomes  nuich  thicker  till  in  Bucks  it  is  known 
from  borings  to  bo  150  feet  thick.  In  Bedfordshire  near 
Hitchm,  if  all  the  Gault  there  is  properly  regarded  as  Lower 
Gault,  it  attains  a  thickness  of  2()0  feet,  but  from  that  point 
northward  its  thickness  diminishes  till  at  Soham  in  Cambridge- 
shire it  is  not  more  than  90  feet. 

When  it  reappears  from  below  the  Fenland  in  Norfolk  it  is 
very  nuich  thinner,  probably  not  more  than  20  feet  near  Stoke 
and  West  Dereham,  ami  only  7  feet  at  Roydon.  Ne^r 
Dersingham  it  disappears  as  a  grey  clay  and  becomes  part  of 
the  bed  which  is  generally  known  as  Red  Chalk  (see  p.  301). 

In  the  south-west  of  England  it  can  be  traced  as  a  band  of 
clay  gradually  diminishing  in  thickness  from  the  Vale  of 
Wardour  through  Dorset  to  the  neighbourhood  of  Batcombe, 
and  through  the  coast  sections  in  the  south  of  that  county  to 
White  Nothe  near  Weymouth.  It  reappears  in  the  extreme 
south-west  of  Dorset  in  the  clift*  sections  of  Golden  Cap, 
Stonebarrow  and  Black  Ven,  and  is  also  present  in  the  cliffs 
between  Lyme  Regis  and  Axmouth,  but  as  a  clay  it  does  not 
extend  beyond  that  place,  though  its  upper  portion  or  zone  of 
Ammonites  laufus  is  probably  represented  in  the  basement 
sands  of  Whitecliff  ana  Beer  Head.  There  is  moreover  a  small 
outlying  patch  or  "  aublier  "  of  dark  grey  clajr  and  clayey  sand  at 
the  base  of  the  Greensand  in  a  valley  east  of  Honiton,  while  the 
occurrence  of  some  Lower  Gault  species  of  Ammonites  among 
the  fossils  of  the  Blackdown  Greensand  suggest  that  it  may  also 
be  represented  in  the  Blackdown  Hills  (see  p.  213). 

Fossils  of  the  Lower  Gatdt. 

The  Gault  has  long  been  noted  for  the  abundance  and  beauty 
of  the  fossils  which  it  contains,  and  the  cliffs  near  Folkestone 
have  been  a  favourite  hunting  ground  for  collectors  from  the 
beginning  of  the  century.  The  close  and  compact  nature  of  the 
Gault  clays  has  preserved  the  actual  shells  from  decay,  and  many 
of  the  Cephalopoda  still  retain  the  pearly  lustre  of  the  original 
shell.  Others  are  casts  in  iron  pyrites  with  a  brassy  lustre  which 
is  equally  beautiful  in  its  way. 

But  although  fossils  are  often  abundant  and  well  preserve<l  in 
the  Lower  Gault  they  are  often  fragUe,  and  even  when  they  have 
been  extracted  or  cut  out  in  a  small  block  of  the  clay,  they  require 
much  care  and  attention  if  they  are  to  be  kept  as  cabinet 
specimens.  If  left  to  themselves  the  shells  often  flake  off  and 
break  up  in  drying,  while  the  pyrites  casts  generally  effloresce 
and  split  into  fragments.  In  order  to  secure  their  preservation 
they  should  either  be  soaked  for  two  or  three  weeks  in  a  very 
weak  solution  of  gum  arabic  mixed  with  a  fourth  part  of  glycerine 
or  sugar,  or  should  bo  treated  with  a  thin  solution  of  gelatine,  the 

latter  process  giving  the  most  durable  results.^ 

^"^^  ■  111  II        »^^.^j  . 

*  See  Dr.  H.  Woodward  in  GeoL  Mag.  vol  iil  p.  11  (1866). 
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Fig.  10.     Aninioiiltt;4  mammillatus,  Schloth.  (after  d'Otl)igHy  in   Pa!. 
FraoQ.),  reduced  to  nat.  size. 

Fig.  11.     Ammonites  lautus,  Sow.  (after  d'Orbigny),  nat.  size. 
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The  following  is  a  brief  review  of  the  fauna  of  the  Lower 
Gault. 

Among  Reptiua  the  genera  Ichthyosaurus,  PleaiosauTUs 
and  Pclyptychodon  are  represented,  and  a  peculiar  Plesiosaur 
named  Civwlioaav/ms  constrictus  found  by  the  fossil-collector 
John  Griffith  at  Folkestone.  There  are  also  several  species  of 
the  flying  Reptiles  known  as  Pterodactyles. 

Fish-remains  occur,  but  not  generally  in  such  number  or 
variety  as  in  the  upper  part  of  the  Gault. 

Of  Cephalopoda  the  following  species  are  either  restricted  to 
the  Lower  Grault  or  occur  in  it  more  commonly  than  in  higher 
beds.  The  letters  c,  mc,  and  r  in  front  of  the  names  indicate  that 
the  species  is  common,  moderately  commxm,  or  rare  : — 

c.  Ammonites  auritus,  Sow.  (see  Fig.  13). 
mc.  „         benettianus,  Sow. 

TYic.  „         Beudanti,  Brong.  (see  Fig.  14). 

r.  „  Delaruei,  tVOrh. 

c.  „         denarius,  Sow. 

c.  „         interruptus,  Brug.  (see  Fig.  9). 

c.  „         lautus  Sow  (see  Fig.  11). 

mc.  „         mammillatus,  Schlofh.  (see  Fig.  10). 

c.  „         raulinianus,  d'Orb. 

c.  „         splendens,  Sow.  (see  Fig.  12). 

c.  „         tuberculatus,  Sou\ 

r.  Ancyloceras  spinigerum.  Sow. 
inc.  „  tuberculatum,  Sow. 

r.  Crioceras  astierianum,  d'Orb. 

c.  Hamites  intermedius  Soiv.  ( =  ?  attenuatus,  Sow.) 

c.  „         compressus,  Sow. 

mo.  „         maximus.  Sow 

r.  Helicoceras  gracile,  d'Orh. 
mc.  „         rotundum,  Soiv. 

r.  Turrilites  elegans,  d*Orb. 

c.  Nautilus  bouchardianus,  d'Orb. 

c.  „         clementinus,  d'Orb. 

c.  Belemnites  minimus,  Lister  (see  Fig.  18). 


Gasteropoda  are  numerous  at  certain  horizons,  and  especially 
in  the  upper  6  feet  of  the  Aioi.  lautun  zone  at  Folkestone.  The 
following  are  some  of  the  commoner  species : — 

c.  Acmsea  tenuicosta,  Sotv. 
mc.  AcUeon  affinis,  d'Orb. 
Tiic.  Aporrhais  calcarata,  Sow. 

r.  „  cingulata,  P  &  R. 

mc.  „  elongata.  Sow. 

c.  „         marginata,  Sow.  (and  Upper  Gault). 

c.  ,         retusa,  Sow.  (Fig.  16). 

mc.  Avellana  inflata,  d'Orb 
VIC.        „        pulchella,  Price. 
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Fig.   12.    Ammonites  aplendens,  Soie.,  from  a  specimoD  in  the  Huaeum 
of  Pract.  Ocology,  nat.  ttize. 

Fig.  13.    Ammonites  auritua,  Sow.  (after  d'Orbigny),  nat.  size. 

Fig.  14.    Ammonites  Beudanti,  Bt-onrj-,  from  a  spetiinen  in  the  Muaeiim 
of  Pract.  Geology,  nat.  aize. 
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c.  Buccinum  gaultinuni,  iVOrb. 
vic.  Cerithiiim  (Jhavaimesi,  Pictet. 
iiic.  „         subspinosimi,  Desh. 

V.  „         tectum,  (VOrh. 

V.  „         trimonile,  Mkh. 

('.  Dentaliiim  decussatum,  Soic.  (see  Fig.  25). 

c.  Fusus  nisticns,  So^v. 

c.      „      Siiiithi,  Scnv. 

('.  Natica  Gonti,  Sow,  (  =  gaultina,  cVOrh). 

c.       „       rotunda ta,  Sow. 
mc.  Phasianella  ervyna,  (VOrh. 

c.  Rissoina  iucorta,  (VOrh. 
inc.        „        Sowerbyi,  Gard. 
inc.  Scalaria  clenientina,  (VOrh. 
VIC.         „       dupiniana,  cVOrb. 

c.  Solarium  conoideum,  S(fW. 

c.         „         omatum,  Saw. 
vir.  Turritclla  gramilata,  Sow. 
Tiic.  „        vibrayeana,  (VOrh. 

Lamellthranchiata  are  very  numerous  botli  in  genera  and 
spiKnes,  many  of  them  ranging  upward  into  higher  beds.  Those 
more  especially  belonging  to  the  Lower  Gault  are  given  below : — 

/'.  Gervillia  solenoides,  IJpfr. 

r.  Inoceramus  concentricus,  Park,  (see  Fig.  15). 

(\  „  Salomoni,  (VOrh. 

c.  Jjima  parallela,  (VOrh.,  non  Sow.  (Fig.  10). 

r.  JV^cten  orbicularis,  Strw.  (ranges  upward). 

7*.  Pinna  tetragona,  S(m\  (ranges  upward). 

c.  Plicatula  pectinoides,  Sow.  (ranges  upward).  (Fig.  31). 
mc.  Astarte  dupiniana,  (VOrh. 
VIC.  Corbula  clegans,  Soiv. 

c.  Carditu  tenuicosta,  Sow.  (ranges  upward). 

c.  Lucina  tonera,  S(nv. 

c.  Xucula  bivirgatii,  Fitton. 
mr.       „        impressa,  Sow. 
mc.       „         Maria*,  (VOrh. 

('.       „         ovata,  Mont. 

c.       „        pectinata.  Sow.  (Fig.  17). 
mc.  Nuculana  solea,  (VOrh. 

c.  Pleuromya  (Panopa?a)  plie^ta,  Sotv.  (ranges  upward). 
'nu\  Pectunculus  umbonatus,  S(nv. 

r.  Tellina  phaseolina,  Ph  il. 

r.  Trigonia  Fittoni,  Desh. 

Brachiopoda  are  rarely  found  in  the  Lower  Gault,  so  rarely  that 
Mr.  Price  does  not  recorcl  a  single  specimen  from  the  Lower  Gault 
uf  Folkestone  except  Terehrotula  iruniUniuvna  from  the  Am. 
maimniWdus  zone.  Jn  the  counties  of  Bedford  and  Bucks, 
however,  Terebrdtnlu  hipliccxta  is  not  uncommon  in  the  lower 
phosphate  bed  fonnerly  worked  there. 
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Fig.  18. 


Fig.  20. 


Fic.  21. 


Fig.  l'>.  Inoccranius  concentricus,  Park,  (after  Sowerby),  nat.  si 

Fig.  IG.  Aporrliais  retuaa.  Sow.  (after  (Jardner),  nat.  iijie. 

Fig.  17.  Nuoulrt  (lectiiiata,  .V'^c,  nat.  siw. 

Fig.  Ifl.  llcleiHiiites  iniiiimus,  AiVej- (after  il'Orbigiiy),  nat.  wi/.o. 

Fig.  19.  Lima  |iarallcla,  itOft'.,  non  Sow,  nat.  si/*. 

Fig,  20.  Seipula  (Vennicularia)  concava,  Sow. 

Fig,  HI.  Solarium  ornatum,  Sow.  (after  d'Orbigny),  nat.  size. 
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Of  Crustacea  certain  species  are  very  common,  but  the 
number  of  species  belonging  to  the  Decapoda  (ordinary  crabs, 
shrimps  and  lobsters)  is  not  large.  Minute  Entomo^traca  are 
very  aoundant  in  some  of  the  b(5s,  but  in  order  to  obtain  these 
the  material  has  to  be  washed  and  the  residue  examined  with  a 
microscope.     The  commoner  Decapods  are : — 

:n(\  Etyus  Martini,  Manf. 

r.  Homolopsis  Edwardsi,  Bdl. 
VIC.  Hoploparia  longimana,  S<nv. 

e.  Nocrocarcinus  Bochoi,  Drslong. 

r.  „  Woodward!,  IMl. 

inc.  Faheocoryst^s  IJroderipi,  Manf. 

c.  „  Stokesi,  Mant. 

All  of  thase  except  Pal.  Broderijn  range  up  into  the  zone  of 
Ain.  rostratu^.  A  few  Cli^ipedia  occur  but  none  seem  to  be 
specially  characteristic  of  the  Lower  Gault. 

EcHiNODERMATA  are  not  largely  rcpresente<l ;  they  are  creatures 
which  prefer  clear  water,  and  the  water  of  the  Gault  sea  was  more 
or  less  muddy,  so  that  only  a  few  species  could  exist  in  it.  A 
Crinoid,  Pentacvlnu^  FiWmi,  is  not  uncommon,  but  of  Echinids 
only  crushed  specimens  of  Hemiader  Bailyi  and  of  an 
Echinoapatagus  (aster ias,  Forbes=  ?  murchisonianiiSy  Mant.), 
and  two  species  of  Pnenxloduideina  have  been  recorded. 

Of  AcTiNOZOA  a  few  species  of  small  single  cup-corals  are  not 
uncommon,  but  the  water  was  evidently  unsuitable  for  other 
corals,  being  both  too  deep  and  too  muddy.  Those  commonly 
found  are : — 

Bathycvathus  Sowerbyi,  Edw.  A-  H. 
Caryophyllia  Bowerbanki,  Edv\  A-  H. 
Cyclocyathus  Fittoni,  M.  Edw. 
Ceratotrochus  insignis,  Duvc. 
Trochocvathus  conulus,  Phil. 

harveyanus,  M.  Edrv. 

No  Sponges  have  been  recorded  from  the  Lower  Gault. 

FoRAMiNiFEUA  may  generally  be  obtained  from  samples  of  the 
Lower  Gault  clays.  The  Folkestone  species  have  l)een  worked 
out  recently  by  Mr.  F.  Ghapman,^  and  the  commonest  forms 
are: — 

Anomolina  ammonoides,  Rsh. 
Cristellaria  gaultina.  Berth. 
Globigerina  cretacea,  d'Orh. 
Haplophragmium  wquale,  Roin. 

nonioninoides,  Rss. 

Terquemi,  Berth. 
Lagena  hispida,  Rss. 


i) 


*  Journ.  Roy.  Micr.  Soc.,  vok  for  1891  to  1896. 
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Marginulina  sequivoca,  R88, 

striatocostata,  Rsa. 
Parkerii,  Rss, 

Nodosaria  paupercuta,  Rss. 
„         prismatica,  Rss. 

Pulvinulina  caracolla,  Rmn. 

Sagraina  asperula,  Cliajrm. 

The  Upper  Gktult  and  Upper  Greensand  (in  part) : 
Merstham  or  Devizes  Beds.  Zone  of  Ammonites 
rostratus. 

As  stated  in  Chapter  III.,  it  was  formerly  supposed  that 
the  Gault  was  everywhere,  and  as  a  whole,  of  more  ancient 
date  than  any  part  of  the  Upper  Greensand,  except  the  Black- 
down  Beds  in  which  many  geologists  recognised  tnat  the  Gault 
was  partially  represented.  During  the  last  twenty  years,  how- 
ever, it  has  graduallv  been  ascertained  that  the  greater  part  of 
the  Folkestone  Gault  and  the  greater  part  of  the  so-called  Tipper 
Greensand  are  correlative  deposits  formed  at  the  same  time  in 
different  parts  of  the  same  sea.      It  is  this  fact  which  has  com- 

Eelled  us  to  propose  a  new  name  for  the  stage  to  which  both 
elong. 

The  portion  of  the  Selbomian  stage  which  is  characterised  by 
Ammonites  rostratus  varies  very  much  in  its  lithological 
characters.  In  Kent,  in  the  eastern  part  of  Sussex,  ana  in 
Bucks  it  consists  almost  entirely  of  marly  clays.  In  the  counties 
of  Surrey,  Hants,  West  Sussex,  North  Wilts,  Berks  and  Oxford, 
it  consists  partly  of  marl  and  partly  of  the  grey  siliceous  stone 
which  is  known  as  Malmstone.  In  the  Isle  of  Wight  there  is  a 
varied  series  of  sandy  clays,  sands  and  sandstones.  In  Dorset 
and  Devon  the  beds  are  entirely  arenaceous.  In  South  Norfolk 
it  is  a  marly  clay  of  no  great  thickness,  but  northward  it  passes 
into  and  becomes  part  oi  the  red  chalky  limestone  known  as  the 
Red  Chalk,  which  extends  under  the  Wash  tlirough  Lincoln- 
shire and  Yorkshire  to  the  sea  at  Speeton. 

Its  greatest  thickness  is  probably  in  the  Isle  of  Wight,  where 
it  is  185  feet,  and  its  least  is  at  Hunstanton  (less  than  2  feet). 

No  well  marked  sub-zones  have  yet  been  distinguished  in  this 
group  of  beds,  except  at  Folkestone,  where  the  lower  ]  5  or  16 
leet  are  characterised  by  -4m.  varicosiis,  and  the  upper  beds  (60 
feet)  by  Ain.  rostratus  and  Ami.  Ooodhalli.  These  two  zones  are 
probably  traceable  through  Kent,  but  have  not  yet  been 
recognised  elsewhere  as  separable  portions  of  the  larger  zone  or 
(Lssise. 

Where  the  malmstone  is  developed  it  forms  a  natural 
lithological  subdivision,  separable  from  anv  marls  belonging  to 
this  group  above  or  below  it,  but  fossils  are  not  generally 
abundant  in  it. 

Failing  any  natural  subdivision  into  sub-zones,  we  shall  con- 
sequently give  a  general  account  of  the  principal  varieties  of  rock 
which  occur  in  this  portion  of  the  Selbomian  stage. 
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Marly  Clays, 

Where  these  occur  they  appear  to  consist  mainly  of  very  tine 
argillaceous  matter  and  finely  divided  carbonate  of  lime,  mixed 
in  varying  proportions.  Washed  residues  seldom  show  any 
appreciable  amount  of  quartz  sand,  even  in  minute  grains ;  mica 
is  sometimes  present,  but  the  mass  of  the   siliceous  matter  is 

J)robablv  silicate  of  alumina.  The  proportion  of  carbonate  of  lime 
bund  By  analysis  of  several  samples  from  ditterent  localities 
varies  from  2G  to  id^  per  cent.,  but  this  of  course  includes  that 
which  exists  in  the  form  of  foraniinifera  and  shell-debris,  as  well 
as  the  tine  chalky  matter  which  is  mixed  with  the  clay. 

In  North  Wiltshire  and  Berkshire  the  malmstone  passes 
down  into  light  grey  silty  marls,  which  probably  contain  a 
certain  admixture  of  silt  or  tine  quartz  sand  as  well  as  of  mica. 

The  marls  of  the  Upper  Gault  in  fact  extend  for  some  distance 
beneath  the  northern  and  eastern  portions  of  the  malmstone 
area,  i.e.,  in  the  counties  of  Bucks,  Oxford,  Berks,  and  a  part  of 
North  Wilts,  as  also  in  the  counties  of  Surrey  and  Sussex ;  but 
toward  the  south-west  they  appeiir  to  thm  out  wedge-wise 
beneath  the  thickening  mass  of  s^mdy  deposits,  until  the  latter 
have  entirely  taken  the  place  of  the  marls,  and  the  formation 
which  was  wholly  niarl  in  Kent  has  become  wholly  arenaceous 
in  South  Wilts  (see  diagram.  Fig,  51). 

Mdlmstone  and  Gaize. 

We  em])loy  the  term  MalmsUmc  to  include  the  rocks  known 
as  mahn-rocK  and  tirestone. 

Malmstone  may  be  defined  as  a  tine-grained  siliceous  rock,  the 
silica  of  w  hich  is  either  principally  of  the  colloid  variety,  either  in 
the  form  of  a  semigranular  ground  mass  or  of  scattered  micro- 
scopic spheroids,  or  in  both  forms.  Sponge  spicules,  or  the 
spaces  once  occupied  by  them,  are  always  abundant,  and  seem  to 
have  supplied  the  silica  which  is  now  in  the  globular  or  semi- 
granular  condition.  Quartz,  mica  and  glauconite  are  present, 
but  generally  in  small  quantities.  There  is  always  some  calca- 
reous matter,  but  in  the  purer  varieties  this  does  not  amount  to 
more  than  2  or  3  per  cent.  Other  varieties,  however,  contain  as 
much  as  20  or  25  per  cent.,  and  these  are  called  calcareous 
vudvistones  or  firestones.  These  calcareous  malmstones  are 
always  much  heavier  and  more  compact  than  the  more  siliceous 
varieties  which  have  a  low  specific  gravity,  are  somewhat  porous, 
and  feel  almost  as  light  as  puniice  m  the  hand. 

In  some  localities  the  malmstone  contains  concretionary 
nodules  or  luuips  of  bluish  chert  arranged  in  layers  like  flints  in 
the  C-halk,  but  blending  so  gradually  into  the  surrounding  rock 
mass  that  they  are  not  ejisily  separable  from  it. 

In  some  places  malmstone  passes  into  a  micaceous  sandstone 
in  which  quartz,  mica,  and  glauconite  are  the  most  conspicuous 
materials,  though  the  microscope  shows  that  sponge  spicules  and 
globular  silica  are  still  important  ingredients.  This  material  is 
the  Gaize  of  French  geologists,  and  the  name  might  be  usefully 


UPPER  OREENSAND.  56 

employed  in  England  for  any  sandstone  of  this  description- 
Prof.  Ch.  Barrois  was  the  first  to  recognise  the  identity  of  the 
English  and  French  Gaize.  Describing  the  zone  ofAnunmiites 
rostra  t us,  he  says :  "  Near  Devizes  it  Ls  m  the  state  of  gaize  ;  the 
gaize  of  Devizes  contains  exactly  the  same  fauna  as  that  of  the 
Argonne,  and  its  mineralogical  aspect  is  so  similar  that  on  going 
into  the  cutting  by  the  station  at  Devizes,  the  geologist  might 
imagine  that  he  naa  suddenly  arrived  at  the  station  of  Vouziers."^ 

The  Malmstone,  with  its  associated  beds  of  gaize  and  firestone 
occupies  a  large  area  in  southern  England,  and  its  thickness 
along  part  of  the  western  outcrop  shows  that  it  originally 
stretched  far  to  the  westward  over  the  counties  of  Oxford,  North 
Wilts  and  Gloucestershire.  Its  eastern  Unfits  are  Westerham 
in  Kent  and  Amberley  in  Sussex;  its  northern  limit  is  near 
Risborough  in  Bucks,  and  toward  the  south-west  it  terminates  a 
little  south  of  Shaftesbury.  Its  greatest  thickness  is  near 
Wallingford  in  Berkshire,  where  it  is  nearly  100  feet  thick,  and 
there  can  bo  little  doubt  that  it  has  a  continuous  subterranean 
extension  beneath  the  Chalk  and  Tertiiiries  which  occupy  the 
area  between  its  western  and  eastern  outcrops. 

The  Malmstone,  in  fact,  was  originally  deposited  in  a  huge 
lenticular  mass,  and  the  portion  of  it  which  remains,  including 
both  the  surface  and  subterranean  extension,  occupies  an  area  of 
nearly  4,000  square  miles. 

Grey,  Green,  and  Yellow  Sands. 

In  the  Isle  of  Wight  and  in  the  south-west  of  England  a  large 
portion  of  the  zone  or  sub-stage  of  Ammonites  rodratas  consists 
of  tine  soft  sands.  The  principal  constituent  of  these  sands  is 
quartz  in  very  small  even-sized  grains;  glauconite  is  always 
present  also  in  small  grains,  imparting  a  grey  or  greyish-green 
tint  to  the  sand,  but  where  the  beds  have  been  long  exposed  to 
the  weather  the  colour  becomes  yellowish  by  oxidation  of  the 
iron  in  the  glauconite.  Mica  is  generally  also  a  conspicuous 
ingredient,  the  lower  beds  being  often  very  micaceous. 

These  sandy  beds  are  part  of  the  group  of  siinds  which  is 
generally  called  the  Upper  Greensand,  ana  where  this  facies  of 
the  Selbornian  stage  is  fully  developed,  there  is  generally  an  up- 
ward passage  from  dark  grey  argillaceous  and  highly  micaceous 
silts  to  pure  sands,  the  proportion  of  mica  gradually  decreasing 
until  the  material  is  a  mixture  of  quartz  and  glauconite  only. 

The  sands  of  t\iQ  Am. roKtratus  zone  often  contain  interbedded 
layers  of  hard  calcareous  sandstone,  generally  thin  beds  from  six 
to  eighteen  inches  thick,  which  do  not  persist  for  any  great 
distance,  but  thin  out  lenticularly  in  every  direction.  They  are 
merely  portions  of  the  ordinary  sand  compacted  by  a  cement  cf 
crystallme  calcite.  In  some  places  the  calcareous  matter  is 
concentrated  into  large  "  doggers "  or  "  burr-stones,"  oval  or 
spheroidal  in  shape,  and  varying  in  diameter  from  one  to  three 

»  Ann.  Soc.  G^ol.  du  Nord,  t.  ii.  p.  50  (1875). 
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feet.  Elsewhere,  as  near  Lyme  Regis,  the  calcareous  concretions 
form  largo  tabular  masses  three  or  four  feet  wide  by  five  or  six 
feet  long,  and  these  are  locally  known  as  "  cowstones." 

Siliceous  concretions  are  not  of  frequent  occurrence  in  these 
sands,  but  they  do  occur  in  the  Blackdown  Hills  of  Devon,  and 
in  the  Penselwood  district  near  Stourton,  on  the  borders  of 
Somerset  and  Wiltshire.  Those  of  the  Blackdown  Sands  were 
largely  worked  in  former  days  for  whet-stones  or  scythe-stones, 
and  smiilar  stones  wero  raised  in  Penselwood,  where  they  were 
called  "  Penstones."  ^ 

FossiL^  of  the  Upifer  (utalf,  Muliiistoi^e,  Jcc, 

The  fauna  of  the  Upper  Gault  is  known  principally  from  the 
fossils  found  at  two  lociilities,  Folkestone  and  Cambridge.  The 
U[)per  Gault  marls  are  probably  fossiliferous  throughout  Kent, 
and  are  known  to  be  so  at  Burham  and  Aylesford  near  Maidstone, 
but  there  are  few  other  good  exposures.  In  the  Midland  counties 
(Oxford  and  Bucks)  they  seem  less  fossiliferous,  but  further 
north  they  appear  to  have  contained  many  fossils,  for  though 
the  marls  themselves  have  been  destroyea  by  erosion,  a  large 
number  of  their  organic  remains  are  preserved  in  the  Cambridge 
Greensand  or  '*  Coprolite  Bed " ;  the  phosphatic  nodules  and 
fossils  of  this  bed  having  been  derived  from  the  upper  part  of 
the  Gault. 

The  fauna  of  the  Malmstone  and  Gaize  is  chiefly  known  from 
the  collections  made  at  and  near  Devizes.  For  that  of  the  sands 
belonging  to  this  zone  the  most  fossiliferous  localities  are  the 
Undercliti*  of  the  Isle  of  Wight,  Black  Ven  near  Lyme  Regis,  the 
Blackdown  and  Haldon  Hills  in  Devon. 

The  fauna  of  the  Upper  Gault  marls  is  not  quite  the  same  as 
that  of  the  sandy  members  of  the  group;  that  is  to  say,  certain 
species  which  are  conunon  in  the  one  set  of  deposits  are  rare  or 
non-existent  in  the  other  beds.  Such  differences,  however,  are 
found  at  the  present  time  between  an  assemblage  of  animals 
obUiined  from  the  surface  of  a  mud  deposit  in  deep  water  and 
one  from  a  sandy  floor  in  shallower  water.  The  differences,  too, 
are  chiefly  observable  among  the  Lamellibranchs,  which  are 
specially  mfluenced  l)y  the  nature  of  bottom  deposits.  The 
Cephalopoda  are  less  affected,  but  are  nuich  more  abundant  in 
the  marls  than  in  the  siuids. 

The  following  is  ^i  list  of  the  coumioner  and  of  the  specially 
cliaracteristic  species  which  occur  in  the  beds  above  described  : — 

AvEs. — A  few  bones  of  Birds  have  been  found  in  the  Cam- 
bridge nodule  bed. 

Reptilia. — The  bones  and  teeth  of  marine  Reptiles  are  very 
common  in  the  Cambridge  nodule-bed,  and  are  not  uncouunon  in 
the  Upper  Gault  marls,  but  are  rare  in  the  malmstone  and  sandy 
beds.     The  commoner  species  are  Ichthyosau/rus  curipylodon, 


*See  H.  B.Woodward,  "Midland  Naturalist,"  Vol.  vi.  p.  98,  and  Rev. 
H.  H.  Winwood,  Proc.  Somerset  Arch,  and  Nat.  Hist.  Soc.,  Vol.  xv. 
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CsLYter.Polyptychodon  interruptiis.Owen]  Cimolioaaurus  plamis, 
Owen ;  Cimolioaav/rus  Bemurdi,  Owen  ;  Rhinochelys  jyu^lchriceps, 
Owen,  and  other  Chelonians;  Ornitfvocheints  (Pterodactylus) 
Fittoni,  and  several  other  species  of  the  Pterodactyles  or  flying 
Reptiles. 

Pisces. — The  bones  and  teeth  of  Fish  are  also  abundant  in  the 
Upper  Gault  and  Cambridge  Greensand.  The  Chima^roids  are 
represented  by  several  species  of  Edaphodon  and  Lschyodus, 
Among  Plagiostomi  there  are  species  of  Lanirui,  Oxyrhina, 
Scapcciu/rhyncus,  and  Hybodus,  but  /oost  of  them  range  up  into 
the  Chalk.  Of  Ganoids,  Ancmueodiifi  cretaceus,  C(jdodit8 
ellvpticuSy  Portheus  gaultinuSy  Protosphyrcena  ferox,  and 
Enchodus  lewesiensis  mav  be  mentioned. 

Cephalopoda. — Ammonites  are  not,  on  the  whole,  so  abundant 
in  this  zone  as  in  the  Lower  Gault,  though  certain  species  are 
common  enougb.  There  are  also  some  peculiarities  of  local  dLs- 
tribution ;  thus  at  Folkestone  Atyi.  auritus  was  not  found  by 
Mr  Price  above  the  nodule  bed  (Bed  viii.)  which  fonns  the  base 
of  the  Upper  Gault ;  but  in  the  sands  of  Devizes  and  of  the  Isle 
of  Wight  It  is  a  common  fossil,  and  it  is  also  common  in  the 
Cambridge  nodule-bed.  Atn.  ravlinuinus  is  also  common  at 
Cambridge,  and  occurs  in  the  Isle  of  Wight,  but  is  very  rare  in 
the  Upper  Gault  of  Folkestone.  The  following  is  a  list  of  the 
most  characteristic  species  of  Cephalopoda  which  occur  in  this 
portion  of  the  Selbornian  stas^e : — 

Ammonites  auritus,  Sow.  (see  Fig.  13). 

Goodhalli,  Sow. 

planulatus,  Sow.  (var.  mayorianus,  d*Orb.). 

raulinianus,  d'Orb. 

rostratus.  Sow.  (=  inflatus,  Sow.)y  Fig.  23. 

Studori,  Pictet. 

varicosus.  Sow.  (see  Fig»  22). 
Anisoceras  (Hamites)  armatum,  Soiv. 
Scaphites  hugardianus,  d'Orb. 
Turrilites  Bergeri,  Broiig. 

„         catenatus,  d'Orb. 
Nautilus  albensis,  d'Orb. 

Gasteropoda. — These  are  not  abundant,  though  many  species 
have  been  recorded  from  the  Upper  Gault  of  Folkestone,  the 
Cambridge  nodules,  and  the  Blackdown  Beds.  Among  these  the 
following  are  the  most  notable : — 

Aporrhais  marginata,  Soiv. 

„         Parkinsoni,  Mant. 
Murex  bilineatus,  Pictet 

„      calcar.  Sow. 
Natica  Genti  ( =  N.  gaultina,  dOrb.),  Sow. 
Pleurotomaria  Gibbsi,  Sow. 

„  Rhodani,  Brong. 

Solarium  dentatum,  d'Orb. 

„        omatum.  Sow. 
Dentalium  alatum,  Oard. 


a 
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FOSSILS  (ZON'E  OF  AM.  KOSTIJATI'S). 


Viii.  a.  .AmnirtiiituH  vnricnsTW,  Sou:  (nat.  hiw,  aftor  d'()rlii(J7i^"). 
Fig.  23.  Amui'iiiiteH  I'Dstratu^,  Sou>.  (rcdut'ed  fmiu  a  Hpeeiiiien   i 
Museum  of  l'ra»;tical  Geology). 
Fig.  24.  Terebratula  biplicate,  Sow.  (after  Davidson)  (uat.  size). 
Fig.  25.  l>enlalium  decuiMutiiiii,  Sow.  (nat.  size). 
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>'ij!.  i<>.  Trit^miji  lilif-ji'tuis,  PmL  (iifter  f.yettt),  Tiat.  sizt,  uxttMial  and 
internal  a.spuctn. 

Fig.  27.  PectBTL  Diiteiii|)loi,  iTOr'i.  (after  d'Orltigny),  nat.  size,  with 
ornament  ningnified. 

Fig.  28.  Canliiim  geiitiiimim,  S'oii',  (from  a  M|icciniun  in  the  Miifleuni  of 
Practical  Geology),  nat.  size. 

Fig.  29.  Cucullieu  carinata,  Suw.  (after  d'Orbifiiy),  nat.  aize. 


» 
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Lamellibranchiata. — Of  this  class  there  are  many,  but  some 
of  the  commonest  species  range  up  from  the  Lower  Gault 
(see  p.  50). 

Avicula  grypha^oides,  Sow,    (ranges  up). 
Cardium  gentianum,  Smv.y  Fig.  28. 

„        hillanum,  Soiv. 
Cucullaia  carinata  S<m\     (see  Fig.  29). 

„        glabra  Sow.     (  =  fibrosa,  Sow.)  Fig.  33. 
Cytherea  wiperata,  Sow. 

„         plana.  Sow. 
Exogyra  conica,  Sow.     (ranges  up). 

„        rauliniana,  cVOrh. 
Inoceranuis  sulcatus,  Purh. 
Ostrea  frons,  Pitrk  (ranges  down  and  up). 

„      vesiculosa,  Stnu.     (see  Fig.  34). 
Pleuroniya  (Panopea)  inandibula,  Soiv.     (see  Fig.  35). 
Pecten  Duteniplei,  (VOrh.  ( =  P.  Barretti,  SeeUy),  Fig.  27. 

„       raulinianus,  d'Orb.  (see  Fig.  30). 
Plicatula  pectinoides,  Sow.  (ranges  up  and  down),  Fig.  31. 
Thetis  Sowerbyi,  Rcvm  (=  major  and  minor.  Sow.) 
Trigonia  alifonnis,  Park  {see  Fig.  20). 
dtedalea.  Park. 
spinosa.  Park. 
Unicardium  ringmeriense,  Mant. 

Of  Brachioi>oda  there  are  very  few  species,  but  one  is  common 
and  widely  distributed ;  this  is  Terebratula  hiplicata,  especially 
those  varieties  known  as  dntemjtleana  and  ohtuea,  Kivgena 
liina  is  conmion  at  Folkestone  and  Cambridge,  Rhyncluwella 
mtlcata  very  common  at  Cambridge,  but  rare  elsewhere. 

Anxelida. — The  only  Annelid  worthy  of  notice  is  the  Serpnla 
(Vermicidaria)  concava  (see  Fig.  20),  which  is  very  abundant  in 
the  sands  and  sandy  clays. 

Crustacea. — Most  of  those  which  occur  in  the  Lower  Gault 
range  up  into  the  higher  beds  of  the  Gault,  and  some  are  also 
found  in  the  Greensand  of  the  Isle  of  Wight  and  Lyme  Regis. 
Besides  those  mentioned  on  p.  52,  DUiulax  carterudta  and 
GlypJuea  cretacea  are  species  only  yet  obtixined  from  the  Upper 
Grault  and  the  Cambridge  nodule  bed. 

EcHiNODERMATA. — The  following  is  a  list  of  the  principal 
species  which  occur  in  this  part  of  the  formation  : — 

Cardiiister  latissimus,  Ag. 
Cidaris  gaultina,  Forbes. 

Echinospatagus  murchisonianus,  J/(n?<  (  =  ?  asterias.  Forbad). 
Hemiaster  minimus  ?  Dexnr  (mnges  up). 
Hcmipneustes  Grcenovi,  Forbes. 
Pentacrinus  Fittoni,  Aitsfen  (ranges  from  below). 
Pseudodiadema  omatum,  Gold/,  (ranges  up). 
„  tumidum,  Faroes. 

Wiltshirei,  Wright. 
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Fio.  35. 


Fig.  30.  Pecten  raulinianus,  d^Orh.  (after  d'Orl)igny),  iiat.  size. 

Fig.  31.  Plicatula  pectinoides.  Sow.,  nat.  size. 

Fig.  32.  Exogyra  conica,  Sow.,  nat.  flize. 

Fig.  33.  Cucuiliea  glabra,  Prtri. 

Fig,  34.  Ostrea  veaiculoaa,  Sow.  (from  a  specimen  in  the  Museum  of 
Practical  Geology),  nat.  size. 

Fig.  35.  Pleuromya  (Panopaia)  mandifaula.  Sow.  (from  a  njiecimen  in 
the  Muiscuni  of  Practical  OeologyX  nat.  size. 
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AcTiKozoA. — The  corals  which  occur  in  the  Lower  Gault  are 
also  found  in  the  Upper,  but  in  thc^l?/i.  rosfrata-s  zone  of  the  Green- 
sand  they  are  mre.  A  sjxicial  coral  fauna  has  been  found  on 
Great  Haldon  Hill  in  Devon,  and  will  bo  noticed  when  that 
locaUty  is  described. 

Sponoida. — Species  of  fiipkimin  and  Jerea  occur  in  this  zone, 
and  many  Ventriculitidte  seem  to  have  lived  in  the  Cambridge 
area.  The  Malmstone  and  Gaize  are  full  of  sponge  spicules,  but 
have  not  yielded  many  perfect  sponges. 

Warminster  Beds,  or  Zone  of  Pecten  asper  and 

Cardiaster  fossarius. 

Where  the  Tapper  Grcensand  is  fully  developed,  its  highest 
portion  generally  exhibits  some  special  lithological  characters, 
and  contains  a  special  assemblage  of  fossils,  many  of  which  do  not 
occur  in  the  lower  part.  These  beds  being  well  developed  near 
Wanninster,  have  been  called  the  Warminster  Beds,  and  Prof. 
Barrois  in  187G  described  them  as  the  zone  of  Pecten  asper.  We 
have  retained  these  names,  though  both  require  explanation  and 
limitiition  in  order  to  clear  away  certain  misiippreh(»nsions 
regarding  them. 

The  VVarminster  Beds,  as  developed  in  the  neighbourhood  of 
Warminster,  and  regarded  as  co-extensive  with  the  zone  of 
Pecten  (t>*pei\\Ti(A\\([Q  three  sets  of  beds:  (1)  Green  sand  and 
sandstone,  (2)  tine  grey  sand,  with  layers  or  nodules  of 
chert,  (3)  light  green  sand  with  small  calcareous  concretions. 
'  Near  W\arminster  Pecfm  nsper  ranj'es  throughout  this  group 
of  beds,  but  the  fossils  which  fonn  the  well-known  Warminster 
fauna  are  those  of  the  highest  part  (No.  3),  whicli  is  not 
more  than  10  feet  thick.  A  large  niunber  of  these  fossils  do 
not  occur  in  the  lower  l>eds  (2  and  3),  and  are  not,  therefore, 
characteristic  of  the  group  as  a  whole.  Thus,  the  Annnonites 
which  have  been  recorded  from  this  zone,  both  near  Warminster 
and  elsewhere,  occur  only  in  the  topmost  bed  of  it,  and  are  really 
precursors  of  the  Chalk  Marl  tauna.  No  Ammonite  or  other 
Uephalopod  has  yet  been  found  in  this  zone,  which  does  not 
range  either  into  the  Chalk  above  or  into  the  beds  below. 

If  therefore  one  uses  the  name  of  Warminster  Beds  it  nuist  be 
remembered  that  they  include  other  beds  besides  those  which 
yield  what  has  been  called  the  tauna  of  the  "  Warminster 
Greeusand." 

With  respect  to  the  term  "  z<m.e  of  Pecten  <(sperj^  the  value  ot 
the  nauK^  dc^pends  of  course  upon  the  range  and  prevalence  of  the 
fossils  thus  chosen  as  an  index  or  ^i^uide.  It  was  first  used  bv  Prof 
Barrois  in  1874  for  certain  beds  in  the  Ciistern  part  of  the  Paris 
basin,'  and  when  he  found  beds  containing  Pecten  asper  in  England 
and  occupying  a  similar  stratigrapliical  position  above  the  zone 
of  Ammonites  rostrntas,  he  naturally  regarded  them  as  the 
equivalents  of  this   French   zone.     Subsequently,  however,  he 


*  Ann.  Soc.  GeoL  du  Nord,  t.  ii.  p.  1  (1875). 


UPPER   GREKNSAND.  68 

came  to  see  that  the  French  zone  of  P.  cvsper  was  separable  mto 
two  portions,  and  he  then  regarded  the  lower  portion  only  as  the 
equivalent  of  the  English  beds/  and  the  upper  part  as 
corresponding  with  our  Cnloritic  Marl  ( =  his  niveau  a  ATtimonites 
laticlavins). 

As  a  matter  of  fact  it  is  by  no  means  certain  that  any  part  of 
this  French  zone  of  Pecfen  asper  is  the  stratigraphical  equivalent 
of  that  which  bears  the  name  in  England.  It  has  been 
ascertained  that  Pecten  asper  has  a  much  greater  upward  range 
than  was  previously  supposed,  and  that  where  physical  conditions 
were  suitable  for  its  existence,  this  species  continued  to  flourish 
long  after  the  close  of  the  Selbornian  period. 

Thus  in  the  north-west  of  France  it  is  common  in  the  "  craie 

flauconieuse  "  of  the  Cenomanian  stage,  the  equivalent  of  our 
<ower  Chalk ;  and  near  Havre  it  ranges  through  80  or  90  feet  of 
beds  above  the  equivalent  of  our  Cnloritic  Marl.  In  England 
the  range  of  Pecten  asper  is  more  limited ;  it  occurs  in 
the  Chloritic  Marl  and  in  the  nodule-bed  at  the  base  of  the 
Chalk  near  Chard,  and  is  common  in  cerUiin  abnormal  beds 
of  Cenomanian  age  in  Devonshire,  but  it  has  never  been  found  in 
the  Chalk  Marl  proper  of  the  southern,  south-eastern  or  central 
counties.  The  mere  occiirronee  of  Pevti'n  (ispn\  therefore,  cannot 
be  regarded  as  proof  that  the  beds  containing  it  belong  to  the 
Upper  Grecnsand.  There  are,  moreover,  districts  where  the 
unaoubted  ecjuivalents  of  the  Warminster  Beds  do  not  contain 
P.  aspery  as,  for  instance,  in  Devonshire.  Yet  it  is  difficult  to 
select  another  fossil  as  the  index  of  the  zone,  because  most  of 
the  common  species  range  up  into  the  Chloritic  Marl.  Cardiasfer 
fossariiu'<  is  perhaps,  on  the  whole,  the  best  choice  that  could  be 
made,  but  it  is  not  a  common  fossil,  and  for  the  present  it  may 
be  well  to  use  both  fossils  as  indices. 

The  beds  which  form  the  zone  of  Pecten  asper  do  not  extend 
over  such  a  wide  area  as  those  of  the  underlying  zone.  They  are 
confined  to  the  south-western  and  south-central  counties  from 
the  Isle  of  Wight  to  Buckinghamshire.  They  seem  to  be  repre- 
sented along  the  western  border  of  the  Woalden  area,  but  are 
scarcely  recognisable  in  Surrey,  and  are  absent  in  Kent  and  in  the 
east  of  Sussex. 

Where  fully  developed  they  consist  of  two  sets  of  green  sands 
and  sandstones  separated  by  fine  grey  silty  sands  containing 
nodules  of  chert.  Their  maximum  thickness  may  be  put  at  60 
feet,  but  the  chert  beds  arc  sometimes  absent,  and  the  whole  group 
is  sometimes  reduced  to  a  thickness  of  only  10  or  12  feet. 

The  lowest  part  of  the  zone  generally  consists  of  glauconitic 
sand  which  is  rather  coarse  m  grain  and  is  composed  of 
quartz  and  glauconite  grains  without  any  mica.  It  generally 
includes  layers  or  dogger-like  masses  of  calcareous  sandstone 
which  are  simply  portions  of  the  sand  compacted  into  sandstone 
by  a  cement  of  crystalline  calcite.  In  the  vale  of  Wardour  the 
whole  of  this  greensand  (10  to  16  feet  thick)  is  thus  converted 
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into  sandstone,  which  works  as  a  freestone  and  has  been  largely 
quarried  for  building-stone. 

The  Chert  Beds  generally  consist  of  tine  ^y  or  greyish-white 
siltT  sand  full  of  sponge  spicules  and  containing  irregular  layers 
and  lumps  of  chert ;  beds  ot  tine  sand  and  cherty  layers  alternating 
with  one  another.  A  lump  or  noilule  of  chert  consists  of  an 
outer  portion  which  is  whitish,  and  often  porous,  and  an  inner 
portion  of  oonipjict  tlinty  chert.  The  relative  thickness  of  these 
two  pi^rtions  varies  gn^atly,  some  cherts  having  a  thin  whitish 
crust  alxnit  half-an-inch  thick,  enclosing  a  thick  tlinty  mass, 
while  others  consist  principjdly  of  dull  white  siliceous  crust  with 
onlv  a  small  kernel  or  kernels  of  solid  chert. 

The  solid  tlintv  chert  varies  murh  in  eolour :  sometimes  it  is 
pi\le  grev,  sometimes  dark  grey  or  black,  and  in  some  cases  it  is 
coIouhmI  yellow,  bR>wn,  or  reildish  by  the  oxides  of  iron.  In  thin 
fragments  it  is  often  pellucid  and  translucent,  and  is  generally 
hanl  enough  to  scratch  glass.  Sometimes,  however,  cherts 
occur  in  iU»cK*iation  with  coarser  quartziferous  sand,  and  then 
they  may  include  grains  of  quartz  and  glauconite.  When  such 
cherts  are  brt^ken  the  fracture  traverses  the  included  grains, 
and  the  severeil  quartz  grains  show  up  as  glistening  crj-staUine 
specks. 

Above  the  Chert  Beils  there  is  always  a  l>eil  of  green  saud,  or 
of  calcareous  sandstone,  before  the  Chloritic  Marl  or  base  of  the 
Chalk  is  reached.  The  aspei.*t  and  mineral  condition  of  this  bed 
ditlers  much  in  ditierent  localities.  Sometimes  it  consists  chiefly  of 
tine-graineil  glauct>nitic  sand,  as  in  the  Isle  of  Wight :  sometimes 
of  tjrreenish  sand  with  large  quartz  grains,  and  encloses  lumps  or 
no<lules  of  whitish  calcareous  stone,  as  near  Wanninster ;  some- 
times it  is  a  hanl  noilular  calcareous  sandstone,  as  in  Dorset : 
and  sometimes  a  compact  calcareous  sandstone,  as  in  Devonshire. 

It  generally  contams  fossils,  and  Ptcte}}  ♦i^yxr  is  generallv 
common  in  it.  At  Shute  and  Rve  Hill  Fanns,  near  Warminster, 
it  has  Weldeil  many  fossils,  and  it  is  in  this  bed  that  some  of  the 
Chalk  Xlarl  tV^ssils  make  their  first  appearamv.  In  Wiltshire 
and  in  the  Islo  of  Wight  it  passes  up  into  the  Chloritic  Marl : 
but  in  IX^rsot  and  IVvon  its  surtaiv  is  waterwom.  and  clciirlv 
markixl  oti'  Ir.  m  the  glaiK\niitic  and  no<lulifen>us  chalk  which 
rvsts  ujxMi  it. 

\Miei\^  it  is  in  the  o^nulition  of  Siuul  or  soft  sitndstone  it  is 
somotiuu\>  10  iVvi  thick,  but  the  ealear^\>us  sjuulstoiK-s  of  IVr^et 
and  IVvon  an?  seldom  more  than  S  feet  thick. 


m 

Vertebrata — Remains  of  Vertebrate  animals  ai^  not  common 
in  this  ziMie.  but  the  teeth  of  sharks  {L.imno,  vVo  occur 
occAsionallv. 

CETHxuyis^i^x, — ^These  are  not  conmion  fossils  in  the  War- 
minster Be\l>.  and  have  onlv  been  found  in  the  stratum  which 
tonus  the  >iinimii   of  the  X'pper  Gr^^nsand  in  Wiltshire  and 
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Fio.  40. 


Fi^.  36.  Lima  semisulcftta,  Kill.,  twice  nat.  size.    Drawn  from  a  Haldon 
specimen  in  the  Muaeuni  at  Jermyn  Street 
Fig.  37.  Pecten  asper,  Lam.,  nat  size  (after  d'Orbigny,  Pal.  Frangaise). 
Fig.  38.  Pectcn  Oalliennei,  tPOrb.,  nat.  Bize  (front  an  Endish  specimen). 
Fig.  39.  Terebrat«lla  pectita,  5ow.,  nat.  aiie,  large  (after  Davidson). 
Fig.  40.  Terebratula  ovata,  Soin.,  enlarged  (after  Davidson). 
Fig.  41.  Rhynchonella  dimidiata,  Sow.,  nat  size,  large  (after  Davidson). 
Fig.  4S.  Rhynchonella  dimidiata,  front  view. 
Fig.  43.  Rhynchonella  grasiana,  dOrb.,  twice  nat  size  (after  Davidson). 
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Dorset.  AniTnonites  varians,  Am,  falcatus  and  Atu.  ManUUi 
are  the  commoner  forms,  but  some  other  Chalk  species  have 
been  found.  In  North  Dorset  there  is  a  nodule-bed  which 
contains  phosphatised  and  apparently  derived  fossils,  among 
which  are  Ammonites  of  species  belonging  to  the  Am,  rostratua 
zone  (see  p.  57). 

Gasteropoda. — These  are  not  abundant,  and  none  of  those 
which  have  been  found  are  specially  characteristic  of  the  zone. 

Lamellibranchiata. — These  are  common,  and  the  following 
is  a  list  of  the  species  generally  to  be  met  with,  though  some  of 
them  range  up  into  the  Lower  Chalk. 

Exogyra  digiuitjx.  Sow. 
Lima  omata,  cVOrh, 

„     semiornata,  cCOrh.  (see  Fig.  47). 

„     semisulcata.  Sow, 
Neithea  cometa,  d'Orb, 

„       quadricostata.  Sow. 
Ostrea  canaliculata,  Soiv. 
Pecten  asper,  L<tm.  (see  Fig.  37). 

„       puzosianus,  d'Orh. 

„       Galliennci,  cVOrb,  (see  Fig.  38). 

„       hispidus,  Ooldf. 
Spondylus  striatus.  Sow. 

Brachiopoda  are  also  abundent,  and  the  following  species 
frequently  occur : — 

Rhynchonella  dimidiata,  Sotv.  (see  Figs.  41  and  42). 

var.  convexa.  Sow. 
grasiana,  d'Orh.  (see  Fig.  43). 
Terebratula  biplicata,  Soxv.  (type) 

„         ovata,  Sow.  (see  Fig.  40). 
Terebratella  pectita.  Sow.  (see  Fig.  39). 

„         feeaumonti  dArch 
Terebrirostra  lyra,  Sow.  (rare  but  characteristic). 

PoLYZOA  are  very  common  in  some  places,  and  the  following 
may  be  mentioned : — 

Ceriopora  papularia,  d'Orh. 
Entalophora  ramosissima,  d'Orh. 
Radiopora  (Cellulipora)  ornata,  d'Orh. 

Crustacea  are  not  common,  but  the  three  Gault  species  of 
Necrocarcinus  range  up  into  the  highest  greensand  near 
Warminster,  and  a  new  species  (N.  glahery  VVoodw.)  has  recently 
been  discovered  in  the  Chert  Beds  near  Maiden  Bradley. 
Besides  these  the  following  have  been  found  :— 

Cyphonotus  incertus.  Carter. 
Hemioon  Cunningtoni,  Bell. 
Plagiophthalmus  oviformis,  Bell. 
Xanthosia  gibbosa,  BelL 
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Fio.  45. 


Fio.  47. 


Fig.  44.  Salenia  petolifera,  De»m.,  under  and  upper  suface§,  larger  than 
nat  siie  (after  Wright). 

Fig.  4G.  Cardiaater  fosaarius,  lienetl,  nat.  size,  viewed  from  above  and 
from  behind  (after  Wright). 

Fig.  46.  Catopygus  columbarius,  Lam.,  twice  nat  size,  viewed  from  the 
Mde  and  from  aWe  (after  Wright), 

Fig.  47.  Lima  semiomata,  (POrb.,  nat.  size. 
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Among  Annelids  there  are  many  species  of  Serpula,  Ditrupa 
difformia,  Serpula  ( Verniicidaria)  concava  (see  Fig.  20),  in  tne 
lower  part  of  the  zone,  and  Serpula  (F.)  winbonata  in  the 
highest  bed ;  the  latter  ranging  up  into  the  Chalk. 

EcHiNODERMATA. — Ceriain  species  are  very  abundant,  and  more 
than  30  species  have  been  recorded.  The  following  are  the  most 
characteristic : — 

Cardiaster  fossarius,  BenetV-  (see  Fig.  45). 
*Catopygus  columbarius,  Layn,  (see  Fig.  46). 

Cidaris  velifera,  Bronn 

Cottaldia  Benettise,  Koenig. 
*Discoidea  subuculus,  Klein. 
*Echinocyphus  difficilis,  Ag. 
*Peltastes  clathratus,  Ag. 
*      „         umbrella,  Ag. 
*Pseudodiadema  Benettiae,  Forbes. 

„  Michelini,  Ag. 

*Salenia  petalifera,  Deem,  (see  Fig.  44). 
gibba,  Ag. 

All  those  preceded  by  an  asterisk  range  up  into  the  Chloritic 
Marl,  and  most  of  them  into  Chalk  Marl. 

Spongida. — Near  Devizes  tod  Warminster  a  large  number  ol 
siliceous  sponges  have  been  foimd  in  these  beds.  Of  these  the 
commonest  are : — 

Doryderma  Benneti,  Hinde. 
Hallirhoa  agariciformis,  Benett 
Jeroa  Websteri,  Sow. 
Nematinion  calyculum,  Hinde. 
Pachypoterion  compactum,  Hinde. 
Klasniostoma  consoorinum,  d'Ovh. 
Tremacystia  Orbignyi,  Hinde. 

ACTINOZOA,  with  the  exception  oi Micrabucia  co^'onulUy  are  rare, 
only  three  other  species  of  Corals  having  been  recorded. 


'  Miss  Etheldred  Benett  published  in  1831  "  A  Catalogue  of  the  Organic 
Remains  of  the  County  of  Wilts,"  with  fine  plates  of  many  of  the  Sponges 
and  Echinoderms  that  are  found  in  the  Upper  Greensand  near  Warminster. 


CHAPTER  V. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN) 

IN  KENT. 

The  Folkestone  Section. 

Between  Folkestone  Harbour  and  Copt  Point  the  lower  part 
of  the  cliff  is  occupied  by  the  Folkestone  Beds  (or  highest  Lower 
Greensand).  These  are  overlain  by  the  Gault,  and  nearly  the 
whole  of  the  latter  comes  in  at  Copt  Point,  the  summit  of  which 
is  130  feet  above  the  sea.  Thence  the  shore  sweeps  round  to 
Eastwear  Bay,  and  successive  beds  of  Gault  come  down  to  the 
foot  of  the  cliff,  but  so  many  sUps  have  taken  place  along  this 
part  of  the  coast  that  the  order  of  succession  is  oest  ascertained 
at  and  near  Copt  Point. 

The  Gault  ofTolkestone  has  been  examined  by  many  geologists, 
and  has  long  been  a  favourite  hunting-ground  for  fossils,  so  that 
its  thickness,  subdivisions,  and  fossu  contents  have  been  well 
investigated.  The  two  best  and  most  detailed  descriptions  of  it 
are  those  by  Mr.  C.  E.  De  Ranee  in  1868,  and  by  Mr.  F.  G.  H. 
Price  in  1874. 

Both  these  observers  divided  the  Gault  into  eleven  beds  of 
very  unequal  thickness,  which  they  called  zones,  because 
certain  species  were  confined  to  or  specially  abundant  in  each  of 
them.  These  subdivisions,  however,  cannot  rank  as  zones  in  the 
wider  sense  in  which  the  term  is  used  in  this  memoir.  For 
the  most  part  they  represent  only  a  local  restriction  in  the 
vertical  range  of  certain  species,  and  a  limitation  which  is  not 
likely  to  hold  good  for  any  great  horizontal  distance.  Ammonites 
av/ntus,  for  instance,  is  at  Folkestone  confined  to  the  lower 
28  feet  of  clay,  but  elsewhere  it  ranges  into  beds  which  represent 
the  higher  part  of  the  formation ;  again,  Inoceramua  sulcatus  is 
at  FolKestone  confined  to  a  thickness  of  about  10  feet  of  clay  in 
the  middle  of  the  formation,  but  elsewhere  it  occurs  at  a  much 
lower  horizon. 

I  do  not  wish,  however,  to  be  understood  as  detracting  from 
the  importance  and  usefulness  of  the  labour  expended  in  the 
demarcation  of  these  local  beds  and  the  careful  collection  of  the 
fossils  obtainable  from  each.  Such  work  is  always  useful 
because  the  result  forms  a  basis  of  comparison  for  other  sections, 
and  in  this  instance  it  was  specially  valuable  because  it  brought 
out  the  important  fact  that  tne  Gault  of  Folkestone  was  divisible 
into  two  portions,  a  Lower  and  an  Upper,  the  Lower  being 
characterised  by  one  group  of  Ammonites  and  the  Upper  by 
another  group. 

»  Geol.  Mag.,  Vol.  v.  p.  163. 

*  Quart.  Journ.  Geol.  Soc,  Vol.  3cxx.  p.  342. 
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Fig.  49. 

Tabular  View  of  the  beds  of  the  Folkestone  GavZt. 

The  accompanying  diagram  is  reproduced  from  that  published 
in  Mr  Price's  paper,  and  snows  the  vertical  succession  ot  the  beds 
which  here  compose  the  Gault. 


Beds. 

Charactera. 

Thick 

1         Toasils. 

feet 

(fTfi'jFSfM 

Pale  grey   and 
huff  -  coloured 
marl 

2-1 

" 

u 

UsjiEmi 

13 

^StS 

Fewtossila. 

12 

Dark       glauco- 
nitic  sand 

3 

3 

?" 

^^rrg^ 

Avicula  gryphw- 
oides. 

t§" 

11 

Pale  bluish -grey 
marly  clay 

3ft 

6 

u  fep7-*T^M 

(Am.  roatratus. 
]  Am.  Uoodhalli. 
lOatrea  frons. 

l'ect«n  rauli- 

10 

Grey  marly  clay 

r> 

1 

)■>  ^■t^'^)"^f^ 

Kingena  lima. 

9 

Hard  marly  day 

9 

•*i 

9 

i^W 

Am.  varicosua. 
Inoceramus  sah 
catus 

'e 

7 

Junction  bed    - 
Dark  grey  clay 

0 
6 

SiA 

7 

—BMSS. 

Am.  ciistfttua 
Nuculaliivirgata. 

1 

3 

2 

1 

la 

\ 

MoUl«l  urer  i-Hd-   ■ 
LIdht  grey  r1»7 

Light  buff- 
coloured  clay 

Very  dark  clay 

Dark   clay  and 
glauconitic 
sand,  with 
noduleaatbase 

Yellowish  sand 
with  phos- 
phatic  nodules 

4 

10 

6 

3 
2 

s 

Mmm 

Ain.  denarius. 
Am.  lautus. 
Crustacea. 

Apor.  calcarata. 

Anc^loceras 
spinigenim. 
Am.  intemiptua. 
Trigonia  Fitloni. 

Am.  mammil- 
lat\ia. 

lis 

0 

72  CRETACEOUS  EOCKS  OF  BRITAIN. 

Mr.  De  Ranee  was  the  first  to  establish  this  division  of  the 
Gkult  into  two  parts,  drawing  the  line  between  them  at  a  band 
of  phosphatic  nodules  about  28  feet  from  that  which  he  took  as 
the  base.  Mr.  Price's  more  prolonged  researches  confirmed  this 
division  and  showed  that,  out  of  a  total  number  of  247  species, 
124  were  confined  to  the  Lower  Grault  and  57  to  the  Upper 
Gault,  only  46  species  passing  from  one  to  the  other. 

In  the  following  account  of  the  Gault  of  Folkestone  we  shall 
follow  Mr.  Price  in  the  main,  but  shall  describe  it  as  consisting 
of  14  beds  instead  of  the  11  shown  in  his  table.  Our  reasons  for 
increasing  the  number  are  as  follows. 

In  the  first  place,  as  stated  on  p.  44,  we  consider  that  the  base 
of  the  Gault  should  be  placed  6  feet  lower  than  the  horizon 
which  was  taken  as  sucn  by  Mr.  Price  and  most  previous 
observers.  In  other  words,  we  propose  to  include  in  it  the  zone 
of  Ammoniiea  mammiUatiis.  Then  again  in  the  Upper  Gault 
Mr.  Price  grouped  together  no  less  than  56  feet  in  nis  Bed  II. 
It  is  quite  true  that  fossils  are  not  abundant  in  any  part  of  this 
66  feet,  and  that  none  of  them  seem  to  have  a  specially  restricted 
range,  but  the  bed  of  glauconitic  sand  which  occurs  near  the 
miodle  of  it  presents  sucn  a  marked  lithological  contrast  to  the 
marly  clays  above  and  below  that  we  think  a  subdivision  should 
be  made  on  lithological  grounds  alone.  When  Upper  Gault  is 
compared  with  Upper  Greensand  it  is  important  to  remember 
that  even  at  Folkestone  it  contains  a  bed  of  "  greensand." 

With  regard  to  the  thickness  of  the  Gault  at  Folkestone  we 
differ  slightly  from  Mr.  Price,  as  apart  from  the  inclusion  of  the 
Avi.  inaifnmillatus  zone  in  the  Lower  Gault,  we  make  the 
thickness  of  the  Uppor  Gault  amount  to  78  feet  instead  of 
71  feet  6  inches.  Tnis  is  because  in  measuring  the  upper  beds 
near  Martello  Tower  No.  2,  a  recent  slip  was  found,  the  face  of 
which  showed  22  feet  of  clav  above  the  seam  of  glauconitic  sand 
without  reachiiitj  the  top  of  the  (xault.  We  therefore  assign  % 
thickness  of  24  feet  to  our  Bed  13  instead  of  17i  feet. 

The  Lower  Gault  clays  have  a  thickness  of  27  feet  10  inches, 
and  that  of  the  zone  of  Am,  TtunmniUiiias  may  be  put  at  6  feet 
2  inches,  so  that  with  our  grouping  the  thickness  of  the  Lower 
Gault  comes  to  34  feet,  and  the  total  thickness  of  the  Folkestone 
Gault  will  then  be  exactly  112  feet. 

It  will  be  noticed  that  although  we  make  fourteen  separate 
beds  the  numbers  only  go  up  to  thirteen,  since  we  have  entered 
the  lowest  as  No.  la.  This  is  'done  in  order  that  the  numera- 
tion of  the  higher  beds  should  be  identical  with  that  of  Mr. 
Price,  as  otherwise  there  would  be  confusion  in  comparing  our 
numbers  with  his. 

The  following  descriptions  of  the  successive  '*  beds  "  of  the 
Gault  at  Folkestone  have  been  drawn  up  from  several  sources — 
thatof  the  Am.  mammillatus  zone  (Bed  la)  has  been  furnished  by 
my  colleague,  Mr.  G.  W.  Lamplugh,  from  his  own  observations ; 
the  account  of  Beds  1  to  12  has  been  been  derived  chiefly  from 
Mr.  Price  s  paper,  and  from  the  particulars  published  by  Mr.  F, 
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Chapman  in  1891  ;^  that  of  Bed  13  is  chiefly  from  notes  taken 
by  Mr.  W.  Hill,  and  from  Mr.  Chapman's  examination  of  samples 

Lower  Oault. 

Bed  la.  (Zone  of  Am.  mammillatiLs),  Mr.  G.  W.  Lamplugh 
contributes  the  following  observations : — 

The  base  of  the  Gault  is  very  clearly  exposed  in  the  cliff  at 
Copt  Point,  and  on  the  adjoining  foreshore  on  the  southern  side 
of  East  Wear  Bay. 

The  section  in  the  cliff  is  as  follows : — 


Oault  Bed  1 


Zone     of    Am. 


Gault  clay. 

Lowermost  bed  of  Gault ;  dark  slightly  saiidy  clay,  with 

a  few  brown  nodules.    Am.  interruptus. 
Band  of  weathered  pyritous  nodules,  forming  a  distinct 
.    base  to  the  clays,  about  6  inches. 

'Greensand,  coarsish-grained  in  places,  somewhat  mixed 

with  dark  clay,  especially  towards  the  top,  2 J  ftet. 
Coarse  gritty  band,  partially  indurated  into  large  concre- 
mammUlatusA     tionary  masses,  with  many  dark  pebble-like  phosphatic 

nodules.    Am.  mammillatvs^  &c.,  1  foot. 
Vlncoherent  yellowish  greensand,  3  feet. 

{Irregular  hummocky  rock  band  of  indurated  sand,  full 
of  markings  like  worm  castings. 
Similar  sands  with  rock-bands  below. 

In  this  section  it  is  evident  that  the  iiiarainilUttua  zone  is 
as  closely  connected  with  the  mass  of  the  Folkestone  beds  as 
it  is  with  the  overlying  Gault  clays.  The  pyritous  band  marks 
off  the  latter  from  the  sandy  scries  below,  and  the  phosphatisod 
casts  of  Atti,  rrvam^TnilUitus  and  its  associated  fossils  lie  oefinitely 
below  the  top  of  the  sands.  On  the  foreshore,  when  not  coverea 
by  beach  material,  these  nodular  bands  may  be  traced  from  high 
to  low  water  mark,  and  owing  to  a  slight  roll  in  the  strati  their 
outcrops  curve  northward,  and  cover  a  wide  stretch  of  the  shore. 
In  this  position  the  interval  between  the  pyritous  band  at  the 
base  of  the  clays  and  the  coarsely  gritty  concretions  with  Arti. 
inammillcUiis  seems  to  be  somewhat  less  than  in  the  cliff,  tliough 
they  are  still  distinctly  separate. 

In  the  Dover  Colliery  shafts,  six  miles  to  the  eastward,  both 
bands  were  again  recognisable,  but  the  material  between  them 
was  much  more  clayey  than  at  Folkestone,  and  lithologically 
was  considered  to  form  part  of  the  Gault,  so  that  in  this  section 
the  nodule-bed  which  yielded  Am.  mainmillntas  formed  the 
natural  base  to  that  division.  It  should  be  noted,  however,  that 
in  these  Dover  sections  the  sandy  Folkestone  beds  seemed  to 
have  thinned  away  to  a  total  thickness  of  only  4  feet,  ^o  that 
their  upper  portion  may  be  represented  only  by  the  layer  of 
nodules  at  tne  base  of  the  Gault  cl^ys. 

The  changeable  lithological  character  of  these  nodular  beds 
is  further  exemplified  by  the  section  at  the  western  side  of 
Folkestone  (recorded  in  the  Survey  Mom.  on  the  "  Geology  of 

*  Journ.  Roy.  Micr.  Soc,  vol.  for  1891,  p.  665. 


74  CRETACEOUS  ROCKS  OF  BRITAIN. 

the  Weald,"  p.  147),  where  three  or  more  distinct  bands  of 
phosphatic  nodules  were  found  in  a  matrix  passing  from  clay  to 
sand,  so  that  the  exact  junction  of  the  Gault  with  the  Folkestone 
beds  was  not  obvious. 

On  the  foreshore  north  of  Copt  Point,  where  the  upper 
surface  of  the  Am.  iiuivimilldtus  band  is  extensively  laid  bare,  it  is 
seen  that  the  black  phosphatic  nodules  containmg  the  fossils 
are  not  unifoi-mly  distributed  throughout  the  bed,  but  are 
gathered  together  mto  little  clusters,  and  that  the  coarser  grains 
of  grit,  consisting  of  will-rounded  fragments  of  quartz,  jasper, 
h'ditc,  etc.,  up  to  ^-inch  diameter,  are  similarly  segregated. 
These  clusters  seem  to  have  formed  centres  of  induration,  so 
that  they  are  now  usually,  though  not  invariably,  enclosed  in 
the  concretionary  masses  of  grit.  The  phosphatic  casts  of 
fossils  are  often  fragmentary  and  have  an  erodea  aspect.  But 
as  the  species  they  represent  are  proper  to  the  zone,  and  are  not 
found  in  the  uuclerlying  sands,  they  cannot  be  considered  as 
derivative  fossils  in  the  ordinary  sense  of  the  term.  As  Mr.  Price 
has  pointed  out,  nodule-beds  of  this  character  evidently  mark 
periods  of  time  during  which  no  sediment  was  deposited,  and 
the  currents  were  strong  enough  to  carry  away  all  except  the 
heavier  materials  which  reached  the  sea-floor.  Under  such 
conditions  it  would  appear  that  the  concretions  of  phosphate  of 
lime  which  from  time  to  time  accumulated  within  and  around 
the  shells,  and  other  organic  remains,  slowly  decomposing  on  the 
sea  bottom,  were  left  as  casts  after  the  aisappearance  of  the 
original  substance,  and  were  then  subjected  to  the  destructive 
attacks  of  various  forms  of  marine  life,  and  to  the  erosive  effects 
of  the  ocean  currents.  That  the  nodules  have  been  formed  in 
a  gritty  deposit  is  proved  by  the  abundance  of  sandy  grains 
within  them  when  examined  in  microscopical  sections.  The  fact 
that  the  phosphatic  nodules  of  the  Am.  inammillntus  zone,  as  in 
other  similar  cases,  include  many  species  peculiar  to  them  is 
indicative  of  the  lengthy  period  required  lor  the  formation  of 
the  zone. 

G.  W.  Lamplugh. 


Bed  1. — The  brd  taken  by  Messrs.  Price  and  De  Ranee  as  the 
base  of  the  Gault  is  a  layer  of  pyritic  nodules  embedded  in  greenish 
glauconitic  sand,  this  layer  at  Gopt  Point  being  over  a  foot  in 
thickness.  It  is  succeed.ed  by  a  layer  of  dark  green  glauconitic 
sand  somewhat  clayey  and  containing  two  seams  of  phosphatic 
nodules  and  casts,  among  which  Ammonites  intei*ruptu8  is  a 
frequent  fossil.  At  Gopt  Point  this  seam  is  only  18  inches 
thick,  but  inland  near  Folkestone  it  thickens  to  3  feet.  Many 
of  the  fossils  in  it  are  sprinkled  with  small  crystals  or  spicules 
of  selenite,  and  pieces  of  wood  bored  by  xylophagous  moUusca 
(Pholadidea,  etc.)  are  common.  This  green  clayey  sand  passes 
up  rapidly  into  dark  clay,  which  is  traversed  b\'  a  single  seam  of 
nodules  near  the  base,  this  clay  being  about  7  &et  thick  and  also 
containing  Am.  interruptus. 
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The  total  thickness  of  Bed  1  at  Copt  Point  is  riven  by  Mr. 
Price  as  10  feet  1  inch.  Mr.  Price  mentions  the  following  fossils 
as  of  common  occurrence  in  phosphate:  ATnmonites  interrupttia, 
Hamites  attenuatus,  Dentahum  deciissatumy  Nucvia  pectinata, 
Trigonia  Fittoni,  Inoceramus  concentricua  and  Palceocoryatea 
Stokesii,     Belemnites  TniniTaua  is  also  common. 

Mr.  F.  Chapman  washed  two  samples  from  Bed  1,  and  we 
take  the  following  extracts  from  his  description^: — 

''''Zone  1.  Specimen  a.  From  the  greensand  seam,  above  the  line  of 
iron-pyrites  nodules.  A  dark^reenglauconitic  clay.  Residuum  after  wash- 
ing, 33  per  cent,  of  glauconitic  sand.  Many  of  the  glauconite  grains  are 
perfectly  distinct  casts  of  Foraminifera.  The  washed  material  consists 
mainly  of  bright  green  glauconite  with  a  few  grains  of  (luartz  and 
chalcedony ;  also  a  small  shark's  tooth.  The  microzoa  are  scarce. 
There  are  prisms  of  Inoceramus  and  fragments  of  other  shells,  both 
being  tunnelled  by  the  borings  of  parasitic  plants.  .  .  .  The  finest 
washings  consist  of  glauconite,  angular  quartz-grain*,  and  Atu/tnalina 
ammotwideSy  Reuas. 

Zone  1.  Sjyecwien  b.  From  the  level  of  five  feet  above  the  base  of 
the  Gault.  A  greenish  grey  clay  splashed  with  lighter  marking.  The 
proportion  of  sandy  and  shelly  material  remaining  after  washmg  is  li 
per  cent.  The  organisms  are  all  very  small  The  washed  material 
consists  of  glauconite,  prisms  of  Inoceramus,  fragments  of  Nucula  and 
other  testacea,  spines  of  Hemiaster.  numerous  Ostracoda,  Foraminifera 
and  fish-remains.  The  fine  wasnings  consist  of  glauconite  grains, 
angular  quartz-grains  and  prisms  of  Inoceramus ;  BoUviiia  teorttdarioides^ 
Ghbigerina  cretacea  and  Anomalina  ammonoides  are  very  common." 

Bed  2. — This  bed  consists  of  dark  grey  clay,  which  looks 
nearly  black  when  wet,  and  its  total  thicKness  is  4  feet  2  inches. 
At  its  base  is  a  layer  about  one  inch  thick,  containing  crushed 
Ammonites  and  other  fossils  with  small  phosphatic  nodules. 
Three  inches  above  the  base  is  a  thin  layer  m  which  large 
crystals  of  selenite  occur,  and  12  inches  above  this  is  a  layer  of 

{mosphate  nodules.  Within  this  space  of  12  inches  Mr.  Price 
buna  three  species  of  moUusca,  which  did  not  occur  in  any  other 
part  of  the  Folkestone  Gault;  these  are  Aporrhais  calcarata, 
Sow.,  Turrilitea  elegans,  d'Orb.,  and  Ancylocema  spiviijeriiin, 
Sow.  Bed  2  also  yields  a  variety  of  AmnnonUes  auritus  with 
much-prolonged  dorsal  tubercles.  The  fossils  of  this  bed  have 
their  sliells  well  prosorvod  and  of  a  deep  rich  colour,  due  probably 
to  the  donse  compacjt  argillac^oous  nature  of  the  clay,  A\4nc-h  has 
about  70  }K?r  cent,  of  silica  and  silicatt^s,  withonlyHOof  carl)onato 
of  lime  (see  p.  1^5). 

Mr.  Chapman  washed  three  samples  from  this  bed  for  microscopic 
examination.  One  from  the  band  of  crushed  Ammonites  yieldea  a 
residuum  of  12iper  cent,  consisting  of  shell  v  sand,  but  microzoa  were 
not  common.  Tne  finest  washings  consist  oi  glauconite  grains,  prisms 
of  Jnoceramux,  and  angular  quartz.  The  commonest  Foraminifera  are 
the  same  as  in  Bed  1.  The  other  two  sain[)les  came  respectively  from 
9  inches  and  1  foot  1 1  inches  above  the  base ;  the  former  yielding  a 
residuum  of  4  per  cent.,  the  latter  Gh  \teT  c^nt.,  of  shelly  sand  containing 
crushed  Gastroixxls,  Imtcevamu^  prisms,  and  spines  of  Ifemmster, 
Ostracoda  were  common  at  the  higlier  horizon.  The  finest  washings 
consisted  almoot  entirely  of  glauconite. 


*  Journ.  Roy.  Mirro.  Soc .  1«91,  p.  50.'). 
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Bed  8. — The  colour  of  this  bed,  a  light  buff  or  fawn  colour, 
forms  a  great  contrast  to  that  of  the  bed  below,  and  it  is  thus 
easily  distinguished.  It  is  known  to  collectors  of  fossils  as 
the  "crab  bed,"  because  PaUeocoryates  Stokesi  is  especially 
^common  in  it.  Its  thickness  is  4i^-ieet,  and  at  its  top  is  a  layer 
of  phosphatic  nodules  and  phosphatised  fossils  in  gooa  preserva- 
tion, many  of  them  retaining  the  shell  and  the  crabs  their 
carapaces ;  bones  of  fishes  ana  of  saurians  also  occur,  and  a  large 
form  of  Iiioceramus  concentricu^. 

Small  lenticular  masses  or  layers  of  clay-ironstone  occur  here 
and  there  in  this  bed,  and  a  sample  of  this  was  analysed  by 
Mr.  W.  H.  Hudleston,  and  yielded  29*40  per  cent,  of  metallic 
iron  (see  Chapter  xxiii.).  The  stone  is  of  the  same  colour  as  the 
clay,  and  contains  some  of  the  same  fossils,  Corhtila  elegans  being 
common  in  it. 

Of  this  bed  Mr.  Chapman  says,  "  the  clay  is  of  a  pale  brown  or  fawn 
colour,  fine  in  texture,  but  not  close.  Residuum  5  per  cent,  of  pale 
brown  dusty  sand,  with  occasional  shell-fragments.    There  are  also 

spines  of  Hemiaster The  Foraminifera  are  fairly  common, 

and  the  Ostracoda  are  very  abundant  :  the  valves  of  the  latter  are 
often  united.  The  fine  washings  contain  a  large  proportion  of  tiny 
brown  granular  spherules,  a  little  glauconite,  occasional  angular  grains 
of  quartz  and  prisms  of  InoceramuB.  The  little  brown  spheroidal 
bodies  are  comjKxsed  of  carbonate  of  iron,  and  appear  to  be  casts  of 
Anonialina,  as  a  series  may  be  made  out  graduating  from  the  infilled 
shell  of  the  Foraminifer  to  the  roughly  spherical  cast  with  its  iron- 
stained  umbilical  dei)ression.  The  fine  washings  on  analysis  yield 
26"61  per  cent,  of  metallic  iron  in  the  state  of  ferrous  oxide." 
The  following  Foraminifera  occur  in  these  washings, — TexttUaria 
pygmcea^  Bolttnna  textilarioides^  Globigerina  cretacea^  and  Anomalina 
ammonoides. 

Bed  4. — This  bed  is  only  a  narrow  band  four  inches  in  thick- 
ness, but  it  was  separated  by  Mr.  Price  because  he  found  in  it 
Am.  DeUirui,  a  peculiar  and  rather  rare  form  of  the  cr  istat  us  grou^ 
of  Ammonites,  the  members  of  which  are  seldom  found  in  the 
Lower  Gault,  and  because  there  is  a  layer  of  rolled  nodules  and 
casts  of  fossils  at  the  top.  We  should  not  ourselves  have 
separated  this  thin  seam,  but  should  have  followed  Mr.  de  Ranee, 
uniting  it  with  the  overlying  Bed  5.  We  retain  it,  however,  in 
order  to  make  as  little  difterence  as  possible  between  Mr.  Price's 
numeration  and  ours.  Mr.  Price  observes  that  remarkably  line 
specimens  of  Ben  tali  a  vi  decusi<iffu/m  occur  in  this  seam,  as  if  the 
conditions  were  at  this  time  specially  favourable  to  the  growth  of 
this  mollusc.  Other  special  fossils  are  a  small  species  of 
Hoplopciria,  Nitticaobliqua,  Fu^huj^  gaulfhru^,  and  a  variety  of 
Am.  fubercukitus  with  very  long  spines. 

Mr.  Chapman  describes  this  layer  as  '*a  dark  green  clay,  very 
f(>sHiliferous.  The  wa^^hed  niatfrial  consists  of  a  brown  shelly  sand,  1  j 
per  cent,  of  the  whole,  with  spines  of  Ilemiaste)'.  The  Foraminifera  are 
tolerably  abundant,  and  very  small.  The  fine  washings  consist  of 
glauconite,  angular  grains  of  quartz,  and  innumerable  prisms  of 
Inoceramus  ;  also  [brown]  casts  of  AnomaUtui  like  those  found  in 
zone  3,  though  here  very  rare.  The  following  Foraminifera  occur  in  the 
washings : — Lagena  l(fvis  Montagu  (one  specimen) ;  Globigennn 
cretacea,  d'Orl).  (frequent)  :  and  AvomaJivn  ammovnides^  R.ss. 
(frequent). 
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Bed  5. — This  is  a  bed  of  dark  grey  clay  with  light  buiF- 
coloured  spots  and  markings.  Its  thickness  is  one  foot  six  inches 
and  Mr.  Price  calls  it  "  the  coral  bed,"  from  the  abundance  of  the 
small  coral  Trochocyathus  convlua.  He  also  mentions  the 
following  species  as  occurring  for  the  first  time  in  this  bed : — 

Ammonites  lautus.  Phasianella  ervyna. 

„         raulinianus.  Cardita  rotundata. 

Avellana  inflata.  Nucula  vibrayeana. 

Bellerophina  minuta.  Baculites  Gkudini. 
Solarium  conoideum. 

He  notes  four  species  as  peculiar  to  this  bed,  namely : — 

Solarium  albense.  Funis  cancellatus. 

„        moniliferum.  Astarte  dupiniana. 

Lumps  of  fossil  resin  or  copalite  are  occasionally  found  at  this 
horizon,  and  sometimes  also  pieces  of  ironstone  like  that  in 
Bed  3. 

Mr.  Chapman  washed  a  sample  from  this  bed  and  found  that  "  the 
residuum  consists  of  4^  per  cent,  of  sQmewhat  sandy  material  with  a 
few  shell  fragments.  The  Foraminifera  are  very  abimdant,  and  the 
larger  specimens  are  freciuently  filled  with  pyrites.  Ostracoda  are 
common.  The  fine  washings  consist  of  glauconite  with  numerous  dis- 
tinct casts  of  Foraminifera,  a  few  angular  grains  of  quartz,  Inoceramus 
§risms,  and  numerous  casts  (in  carbonate  of  iron)  of  Anomalina ;  also 
^extularta  jyygnujea^  Reuss,  (fre<juent) ;  Bolivina  texttUartoideSy  Baa. 
(rare)  ;  Globigerina  cretacea^  d  Orb.  (common) ;  and  Anonialina 
ammoTwideSy  Rss.  (common)." 

Bed  6. — This  bed  is  also  of  small  thickness,  about  12  inches, 
and  consists  of  mottled  clay,  rather  darker  than  that  of  Bed  5, 
with  larger  mottlings  of  light  grey  colour ;  hence  it  is  known  as 
the  "  Mottled  bed."  It  is  marked  oft'  from  the  succeeding  bed 
by  a  layer  of  hard  [?  calcareous]  ragstone  about  6  inches  thick. 
Avimonites  demirins  is  more  common  in  this  bed  than  in 
any  of  the  others,  and  TurrllUeti  huganlUvnxis  and  Apatn'hais 
histochila  have  only  been  found  at  this  horizon. 

Mr.  Chapman  describes  the  sample  he  took  from  this  bed  as  "a 
blue  grey  clay  with  dark  greenfeh  8iK)ts  and  streaks;  some  of  these 
markings  are  surrounded  by  a  pyritous  stain.  The  microzoa  are  very 
abundant,  and  Eotalia  spintUt/era,  Rss.  is  the  commonest  Foraminifer. 
The  washed  clay  gives  a  residunm  of  7  per  cent,  which  is  composed 
mainly  of  glauconite  and  shell  fragments.  The  fine  washing  consists  of 
glauconite,  a  few  Inoceramus  prisms,  shell  fragments,  many  casts 
of  AnomaliTiaj  a  few  angular  grains  of  quartz,  and  the  following 
Foraminifera  : — Lagena  hispida  (one  specimen),  Globigerina  cretacea 
(very  common),  and  Anomalina  amnwnoide9  (very  common). 

Bed  7. — This  is  a  bed  of  uniform  dark  grey  clay  a  little  over  6 
feet  thick,  lying  between  the  hard  rag  above  mentioned  and  the 
layer  of  phosphate  nodules  which  forms  the  base  of  Bed  8.  It  is 
very^  fossiliferous,  Mr.  Price  having  obtained  no  fewer  than  67 
species  from  it ;  of  these  33  (or  about  half)  are  Grasteropoda,  so 
that  it  might  well  be  oalled  the  Glasteropod  bed.    Ammonites 
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auritus  is  very  abundant ;  Buccinium  gaultinum  and  Kucida 
bivirgata  are  common,  and  the  following  species  were  found  only 
in  this  bed : — Avellana  dupiniiincty  Cerithium  Phillipai  (f), 
Natica  leviatriatay  Denfalium  acuminatuTa,  Aporrhais 
Parkinsoni,  and  Nucvla  alben»is. 

Of  its  minuter  structure  and  contents  Mr.  Chapman  give^  the 
following  account: — "A  dark  green  clay  with  a  residuum  of  6}  per 
cent,  after  washing,  consisting  of  sandy  material  with  iridescent  shell 
fragments.  The  microzoa  are  fairly  common  ;  Rotalia  sninulifera  is 
excessively  abundant ;  spines  of  llemiaster  and  arm  joints  ot  Pentacrimt* 
also  occur.  The  fine  material  consists  of  glauconit^,  a  few  angular, 
quartz-grains,  Inoceramus  prisms,  a  very  few  granidar  casts  of 
Anor/Kiliiia,  and  the  following  Foraminifera  : — Nodosaria  simplex  (one), 
Globigerina  cretacea  and  Anomalina  ammonoides. 

Bed  8. — This  is  the  bed  which  both  Mr.  De  Ranco  and  Mr. 
Price  have  taken  as  the  "junction  bed  "  or  horizon  of  passage 
between  Lower  and  Upper  Gault.  It  consists  of  two  layers  oi 
phosphatic  nodules  with  a  seam  of  mottled  grey  clay  between 
them,  the  whole  thickness  being  about  10  inches.  The  phos- 
phatic fossils  found  in  these  nodule-beds  are  chiefly  Lower  Gault 
species,  and  may  have  been  derived  from  the  destruction  and 
sifting  out  of  a  previously  deposited  bed. 

Ainmaiiites  Beudanti,  Am.  selliguinua,  Am.  brongniartianuSf 
Am,  iteriiinus  and  Am.  Velledoi  have  only  been  found  in  this 
bed  ;  the  first  is  not  uncommon,  as  is  also  Am.  cristatus,  which 
ranges  into  the  bed  above.  Among  Gastropods  Murex  calcar 
and  Scalaria  gault ina,  and  among  Lamellibranchs  Pecten 
Dutemplei,  P.  stviatocostatus,  Trigonia  spinosa,  Cyprina 
quadrata  and  Pholas  Rhodcini  belong  specially  to  this  bed,  and 
were  not  obtained  by  Mr,  Price  from  other  horizons. 

Eight  species  including  Ammonites  houchxirdiaii/iia,  Am, 
cristatus,  Am.  cceUniotuSy  Am.  varicosua  and  Ivoceramits 
svXcatua  occur  for  the  first  time  in  this  bed. 

Mr.  Chapman's  sample  of  Bed  8  was  "  a  pale-grev  clay  with  an  even 
texture ;  a  residuum  after  washing  of  4|  per  cent,  of  a  dark  colour  with 
a  few  shell-fragments  and  spines  of  Hemiaster.  The  Microzoa  are 
common,  with  Rotalia  sptnuli/era  extremely  common.  The  fine 
washings  consist  of  glauconite,  a  few  angular  quartz-p-ains,  prisms  of 
Inoceramus,  with  Globigerina  cretacea  and  Anomalina  ammonoides. 
The  granular  casts  of  Ajwrnalina  are  absent  from  this  zone." 

Upper  Gault. 

Bed  9. — With  this  bed  begins  the  Upper  Gault  or  zone  of 
Ammonites  rostratus.  As  defined  by  Mr.  Price,  it  extends  from 
the  nodules  at  the  top  of  Bed  8  up  to  a  nodular  layer  which  is 
crowded  with  crushed  specimens  ol  Inoceiximus  sulcatas ;  the 
thickness  being  9  feet  4^  inches.  This  bed  consists  of  pale  grey 
marly  clay  in  wnichthe  silvery  impressions  of  Inoceramus  sulcatus 
are  very  abundant.  This  species  seems  to  have  had  a  very  thin 
shell  which  was  easily  broken  and  crushed.  Ammonites  varicosus 
is  another  fossil  which  at  Folkestone  is  more  abundant  in  this  bed 
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than  in  any  other,  so  that  locally  it  may  be  termed  the  zone  of 
Atu.  varicosiis.  Just  below  the  hard  nodular  seam  at  the  top  of 
this  bed,  Am.  rostratiis  makes  its  first  appearance,  and  extends 
thence  up  to  the  top  of  the  Gault.  Avwiila  raidiniaiia,  and 
Scaphit^s  hugirdUinits  are  other  fossils  which  first  occur  in 
this  bed  and  range  upwards. 

Mr.  Chapman  took  a  sample  at  about  3j^  feet  from  the  top  of  Bed  9 
and  found  that  it  yielded  a  small  residuum,  only  2f  per  cent.,  after 
washing.  This  contained  many  shell -fragments,  many  Microzoa 
(especially  Bulimines)  and  spines  of  Ifeniiast^r.  The  fine  washings 
contain  an  abundance  of  granular  casts  of  Anoni'ilina,  a  large  quantity 
of  Inocercamus  prisms,  many  glauconite  grains,  and  a  very  lew  angular 
grains  of  quartz  ;  also  the  usual  species  of  Bolivimi,  Globigerinay  and 
Anomalina, 

Bed  10. — This  bed  has  a  thickness  of  5  feet  1  inch,  and  consists 
of  rather  hard  homogeneous  pale  grey  marly  clay.  In  the 
middle  of  it  at  a  distance  of  2  feet  8  inches  above  the  layer  of 
crushed  Inoceramus  stdcatas  there  is  a  seam  of  phosphatic  nodules 
among  which  Plicatida  pectinoldea  occurs  in  great  abundance 
and  in  good  preservation.  Above  this  seam  the  clay  is  much 
mottlod,and  contains  associated  stems  of  Pentacrinus  Fittoni, 
sometimes  in  aggregated  masses,  also  bones  of  Cholonians  and 
Fish,  and  the  eggs  of  a  species  of  Crocodile.  The  bed  is 
measured  to  another  seam  of  nodules  2  feet  5  inches  higher  up. 

Kingena  liirut  is  abundant  ;  Amraonitea  rostvatvs  and 
Terehratnla  biplicata  are  fairly  common,  while  the  following 
have  only  been  found  within  its  limits: — Amtnonitea  Stvden, 
Am.  mnyorianuSy  Aix>i*^rhais  ^maxima,  Cidaris  gaultina, 
Paeiuiodiculema  aimatwrn,  and  Hinnites  Stv/leri, 

Mr.  Chapman  took  a  sample  from  the  lower  part  of  the  bed  and 
found  a  residuum  of  8^  per  cent.,  consisting  almost  entirely  of  shelly 
material,  with  joints  of  the  stems  and  arms  of  Pentacrinus  and  two 
Shark's  teeth.  Microzoa  very  abundant.  Fine  washings  consist  of 
Inoceramus  prisms,  some  glauconite,  and  granular  casts  oi  Anomalina, 
Grains  of  quartz  are  scarce.  Anomalina  ammonoides  is  the  commonest 
Foraminifer. 

Bed  U. — The  base  of  this  bed  is  the  seam  of  phosphatic  nodules 
indicated  by  Mr.  Price  as  the  base  of  his  Bed  11,  ana  characterised 
by  the  prevalence  of  Pecten  raulinUinius,  and  as  defined  by  us  it 
is  measured  up  to  the  base  of  the  "^eensand  bed."  This 
distance,  measured  by  Mr.  Price  at  Copt  Pomt,  was  found  to  be  35 
feet  6  inches ;  in  other  words,  there  is  here  a  mass  of  pale  marly 
clay  including  one-third  of  the  whole  thickness  of  the  Gault 
which  exhibits  similar  characters  and  the  same  species  of  fossils 
throughout  its  extent. 

On  analysis  by  Mr.  W.  H.  Hudleston,  this  marly  clay  yielded 
26*45  per  cent,  of  carbonate  of  lime,  so  that  it  may  fairly  be 
termed  a  marl.  Specimens  analysed  for  Mr.  Chapman  yielded 
37-58  and  40*69  per  cent,  of  CaCOj. 

This  bed  is  characterised  by  Amvionites  rostratua  and  Atyi. 
OoodliaUi,  both  of  which  here  attain  a  large  size. 


80  CRBTACSOUS  ROOKS  OP  BRITAIN. 

The  following  fossils  appear  to  be  confined  within  its  Umits  :^ 

Diaulax  carteriana  Anisoceras  (Hamites)  armatum. 

Ostrea  frons.  Tumlites  Bereeri. 

Pecten  raulinianus.  Crepidula  gamtina 
Inoceramus  sp.  (?  Crispi). 

Mr.  Chapman  washed  and  examined  seven  samples  of  clay  from  this 
zone,  taken  respectively  from  depths  of  55,  50,  45,  40,  35,  30,  and  25 
feet  from  the  top  of  the  Gauit.  The  lowest  jrielded  the  largest 
residuum  (5  per  cent.)  of  greenish-grey  sandy  and  shelly  material. 
*' Foraminif era  are  not  very  common  and  rather  small.  Ostracoda  are 
fret^uent.  The  fine  washings  contain  prisms  of  Inoc^ramitiy  glauconite, 
angular  grains  of  quartz  (rather  scarce),  and  granular  casts  oi 
Anofiialtna,"  and  some  Foraminifera. 

The  next  two  samples  (from  50  and  45  feet)  yielded  small  residues 
(li  and  3  i)cr  cent.).  Foraminifera  abounded  in  both,  and  the  fine 
washings  consisted  very  largely  of  Globigerina  tests  ;  besides  these 
were  shell  fragments,  Inoceramus  prisms,  but  glauconite  was  rare,  and 
quartz  fragments  very  few.  The  following  were  the  commonest 
Foraminifera :  Miliolina  venustay  Textviaria  pygmcea,  Bolivina  tex- 
tilarioideSy  Dentaltna  comrmmis^  Globigerma  eretaceaj  and  AnonuUina 
amnumoides. 

The  next  three  samples  yielded  very  small  residues  (average  1*3  i)er 
centA  Microzoa  are  fairly  common ;  the  finer  washings  consist 
chiefly  of  Foraminifera  and  shell  fragments,  and  some  Inoceramus 
prisms,  but  glauconite  grains,  Anomalina  casts,  and  quartz  grains  are 
very  rare.  The  same  Foraminifera  are  common,  together  with 
Mamultna  (jlobulifera. 

The  highest  sample  was  taken  at  a  little  over  four  feet  from  the  top 
of  the  bed.  It  yielded  a  4}  per  cent,  residuum  of  fine  sandy  material. 
"Microzoa  are  very  common.  The  fine  washing  consist  almost 
entirely  of  the  shells  of  Globigerina,  with  a  few  glauconite  grains,  a 
few  angular  quartz  grains,  shell  fragments,  a  very  few  casts  of  Anompr 
Itruiy  a  lew  pnsms  of  Inoceramus  fish-remains,''  and  the  same  species 
of  Foraminifera  as  in  the  lower  saiqples. 

Bed  12. — This  formed  part  of  Mr.  Price's  Bed  11,  but  we  have 
separated  on  account  of  its  marked  lithological  character.  It  is 
a  little  over  three  feet  thick,  and  consists  of  (mrk  green  argillaceous 
greensand,  or  marly  clay  full  of  glauconite  grains.  When  struck 
with  the  hammer  it  gives  a  bright  green  streak,  due  to  the 
fractured  grains  of  glauconite.  There  is  a  layer  of  phosphatic 
nodules  at  the  base  and  scattered  nodules  occur  throughout,  the 
nodules  being  of  two  kinds,  some  black,  watorwom  and  irregular, 
others  light- brown  or  butf-coloured ;  the  former  seem  to  have  been 
derived  from  some  other  bed,  for  two  or  more  of  them  are  often 
cemented  together  by  the  light  phosphate,  which  encloses  glauco- 
nite grains  and  seems  to  have  been  formed  in  the  bed  itsel£ 
Some  oi  the  nodules  seem  to  have  been  phosphatised  sponges, 
Ventriculites,  Siphonia  and  Jerea,  and  others  are  of  the  form  to 
which  the  name  Hyloapongia  was  given  by  Prof.  Sollas.  Other 
fossils  are  not  abimaant,  but  the  following  have  been  found : — 

Ichthyosaurus  campvlodon.    •  Avicula  gryphseoides . 

Drepanephorus  canaliculatus.  Pecten  orbicularis. 

Belemnites  minimus.  Plicatula  pjectinoides. 
Ammonites  Goodhalli.  ,,       sigillina. 

,.        cffilonotuB.  Inoceramus  sp. 

Aporrliais  orbignyana.  Trochocyathus  conuluB, 
Solarium  omatum. 
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A  sample  of  this  bed  examined  by  Mr.  Chapman  left  a  residuum  of 
SOper  cent.,  consisting  of  dark  green  sand  witn  a  few  shelly  particles. 
"  Tne  fine  washincs  consist  of  a  little  more  than  one-half  green  glauconite 
grains,  nearly  all  the  remainder  being  beautifully  preserved  Forami- 
nif era  ;  there  are  also  numerous  fijsh-bones  and  teeth  frequently  exhibiting 
very  fine  borings  of  parasitic  plants, .  .  .  and  angular  grains  of  quartz 
are  more  abundant  than  in  the  zones  previously  mentioned."  Besides 
the  usual  forms  of  Foraminifera,  Pleurostomella  eocasna,  Qumbel,  is  of 
frequent  occiurence. 

Bed  13. — This  includes  the  remainder  of  the  Gault  lying 
between  the  "greensand"  of  Bed  12  and  that  which  forms  the 
base  of  the  Cenomanian.  Mr.  Price  measured  this  portion  of  the 
Grault  in  the  cliflf  south  of  Martello  Tower  No.  3,  and  gives  its 
thickness  as  VI  \  feet,  but  we  think  that  the  mass  of  "  Upper 
Greensand"  to  which  he  measured  must  have  slipped  a  fittle 
downward  out  of  place,  as  Bed  13  is  certainly  thicker  at  other 
points.  In  October  1896  Mr.  W.  Hill  found  that  nearly  the 
whole  of  the  Upper  Gault  was  exposed  in  a  recent  slip  between 
Martellos  2  and  3  and  there  was  here  22  feet  of  Gault  actually 
visible  above  Bed  12  without  any  trace  of  Greensand  above, 
so  that  the  thickness  of  Bed  13  must  be  more  than  22  feet. 

Bed  12  passes  into  Bed  13,  but  the  glauconite  grains  rapidly 
decrease  in  number,  and  at  a  height  of  3  feet  up  in  the  latter  none 
are  seen.  At  the  place  above  mentioned  the  lower  13  feet  consist  of 
bluish-grey  marly  clay  drying  to  a  paler  grej,  then  there  is  3  feet 
of  mottled  grey  and  pale  brown  clay  passmg  up  into  a  clay  of 
uniform  greyish  brown  or  drab  colour,  seen  for  6  feet.  The 
whole  of  this  bed  is  traversed  by  numerous  cracks  and  planes  of 
jointing,  the  sides  of  which  are  stained  rusty  brown. 

Fossus  are  very  scarce  in  Bed  13,  but  Ammonite  roatratua  and 
Am.  Ooodhalli  nave  been  found,  and  Mr.  Price  records  a  doubt- 
fill  Am.  varians. 

Mr.  Chanman  washed  a  sample  taken  5^  feet  from  the  base,  which 
gave  a  residuum  of  2^  per  cent.,  this  consistmg  of  a  pale  grev  sand  with 
numerous  fish-remains  and  coprolites.  The  fine  wasnings  were 
composed  almost  entirely;  of  Foraminifera,  with  a  few  glauconite  grains, 
many  angular  (quartz  grains,  fish-bones,  and  shell  fragments.  Another 
sample  6  feet  higher  up  yielded  a  smaller  residuiun,  only  1  per  cent.,  but 
of  similar  material. 


Fossils  of  the  Folkestone  Gktult. 

A  complete  list  of  the  fossils  which  have  been  obtained  firom 
the  Gault  of  Folkestone  would  occupy  much  space.  Such  a  list 
has  been  published  by  Mr.  Price,  and  this  is  embodied  in  the 

{general  list  of  fossils  at  the  end  of  this  volume,  but  a  separate 
1st  of  the  Cej)halopoda  is  ^ven  on  p.  82. 

We  have  given  a  description  of  the  Folkestone  Gault  as  a 
whole,  because  a  complete  section  of  it  is  exposed  in  the  cliflFs, 
and  because  in  our  opinion  it  represents  in  itself  the  whole  of 
the  Selbomian  stage.  The  marly  glauconite  sand  which  over- 
lies it,  and  which  has  often  been  called  Upper  Greensand,  is 
regarded  by  us  as  the  basement-bed  of  the  Lower  Chalk  and  will 
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List  of  Cepsalopoda  from  the  Gault  of  Folkestone. 
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be  described  under  that  head.  We  have  not  found  anything  m 
Kent,  apart  from  the  Upper  Gault,  which  can  be  regarded  as 
equivalent  to  anv  part  of  the  Upper  Greensand  of  more  western 
counties.  It  is  d.oubtfid  whether  any  representative  of  the  Chert 
Beds  or  of  the  green  sands  containing  Pectin  asper,  which  form 
the  topmost  member  of  the  formation  in  Wiltshire  and  Dorset, 
exists  m  Kent ;  but  if  a  representative  of  these  beds  is  to  be  found 
in  the  succession  near  Folkestone,  we  think  it  will  be  in  the 
marly  clay  of  Bed  13.  Wo  mention  this  merely  as  a  possibility 
and  because  an  Ammonite  resembling  Am.  varians  has  been 
found  in  this  bed,  but  we  think  it  more  probable  that  there  was 
simply  no  deposition  of  sediment  going  on  in  the  Folkestone  area 
dunng  the  time  when  the  highest  beds  of  green  sand  were  being 
formed  in  the  west. 

Inland  Exposures. 

In  describing  the  inland  exposures  of  the  Gault  we  shall  take 
first  those  in  which  Lower  Gault  is  seen  and  subsequently  those 
which  expose  the  Upper  Gault. 

Lower  Gault. 

The  base  of  the  Gault  has  been  frequently  exposed  in 
temporary  excavations  near  Folkestone,  and  the  phosphatic 
nodules  were  at  one  time  largely  raised  near  Cheriton,  the  bed 
being  worked  in  the  same  way  as  the  Cambridge  "  coprolite  bed  " 
and  for  the  same  purpose,  but  it  did  not  pay  and  has  not  been 
worked  since  1876. 

Mr.  Topley  has  recorded  a  section  (open  in  1865)  at  the  west 

end  of  the  Lees  at  Folkestone  which   showed  three  layers  of 

phosphatic  nodules,  as  below : — 

Ft.  in. 

Clay  with  green  grains 2    0 

Layer  of  phosphatic  nodules,  with  pieces  of  wood  bored  by 

Mollusca 06 

Clayey  sand  with  green  grains 13 

Phosphatic  nodules  and  bored  wood 0    1 

Sand,  green  grains  fewer 10 

Phosphatic  nodules --01 

Sand  as  next  above,  with  a  nest  of  phosphatic  nodules 

in  one  place 3    0 

About    -    8    0 

The  section  seen  in  the  trenches  dug  for  raising  the  nodules  at 
Cheriton  is  thus  described  by  Mr.  Topley.  "  The  nodules  occur 
in  two  beds ;  the  lower  one,  12  to  15  inches  thick,  is  the  junction- 
bed  of  the  Gault  and  Lower  Greensand  ;  here  it  is  generally  dark 
in  colour  and  always  sandy.  Separated  from  this  by  two  feet  of 
clay  is  another  and  more  variable  bed  3  to  6  inches  thick.  In 
the  clay  between  these  beds  and  also  in  that  above  them  scattered 
nodules  occasionally  occur." 

The  basement  bed,  "  sandy  clay  with  phosphatic  nodules,"  was 
also  shown  in  the  railway-cutting  half  a  mile  N.E.  of  Cheriton 
Church,  resting  on  yellowish-brown  sand. 

1980.  F  2 


'  Between 'Cherit()n  and  Brooke  near  Wyie  the  outcrop  of  the 
Gkiult  is  narrow,  and  there  are  few  brickyiaras  or  other  exposures. 
We  have  not  exaniined  this  strip  of  country,  presuming  that,  it 
good  sections  did  exist,  the  succession  of  beds  and  of  species  ot 
fossils  would  be  found  similar  to  that  of  the  Folkestone  cliifs. 

Mr.  Topley  mentions  a  pit  north  of  Stanford  Church,  dug  in 
Gault  clay  for  about  15  feet  and  showing  two  layers  of  phosphatic 
nodules  18  inches  apart,  but  he  does  not  record  any  fossils,  so  we 
cannot  say  what  horizon  was  here  exposed. 

The  toflowing  notes  on  brickyanl  exposures  in  Kent  are  by 
Mr.  W.  Hill,  who  examined  them  in  1897 : — 

A  small  opening  in  the  Lower  Gault  is  to  be  seen  at  the  Brick 
find  Tile  Works  at  Brabolune  Lees.  The  clay  is  grey  mottled 
with  fawn  colour ;  it  contains  Am.  aplendenSy  Am.  lautivs,  and 
PalcBocorystes  Stokesi,  and  is  perhaps  a  continuation  of  the 
Bed  3  of  Price. 

There  is  another  small  pit  at  Nacolt  in  dark  grey  clay 
eontaining  Am,,  interi^uptvsy  Am,  laxitusy  and  Hamites  maximus. 

The  first  important  section  west  of  Folkestone  is  that  at 
Kennington  Bnck  and  Tile  Works  north  of  Ashford,  and  is 
mentioned  by  Mr.  Topley.^  These  works  are  situated  about 
J-  mile  west  of  St. .  Maiy  s  Church.  The  section  in  1896  was 
not  very  clear,  but  the  general  succession  was : — 

■             Soil       -       -       -        -       -       -    ,    -       -  -           2  feet  ' 

•  P  ^       >  Light  bluisbrgrey  ^lay  with  many  light-coloured 

phos^hd,pb&j  Inoc.  stUcatus      -        -        -  -           4    „ 

*  Bluish-grey  islay  with  many  ph06t)htaLteniodt;les  *  ^  to  8  ,', 

Darker  crev  clay  with  few  pnosphate  nodules  -           4    „ 

A  bed  pi  pnospnate  nodules  -        -        -        -  -  .     3  inches. 

Dark-grey  clay  seen  for         -        -        -        -  -  (8  to  8  ft. 

The  foreman  of  the  yard  said  he  had  seen  the  base  of  the  clay 
some  6  or  8  feet  below  this. 

Am.,  interrxibptus  occurred  in  the  clay  said  to  have  been  dug 
from  the  lowest  bed  in  the  section.  Besides  this  ammonite  and 
Inoc.  ^ufca^i^s  already  mentioned  common  fixssils  were  Ath. 
aplendenSy  Am,,  anritus,  Hamites  intermedAus,  Ivocei^aTYius 
concentrictiSy  NucvZa  pectinata,  and  Dentalium,  decMssatxim. 

The  occurrence  of  Avi.  intermptus  and  Inoc,  Bvicattis  s^ems 
to  indicate  that  both  upper  and  lower  Gault  are  here  exposed,  and 
we  may  perhaps  regara  the  Inoc.  sidcafus  clay  as  representing 
Price's  Bed  9,  thougn  there  was  no  definite  noaule  bed  observed 
at  its  base  to  represent  No.  8. 

A  small  pit  close  to  the  road  belonging  to  and  immediately 
opposite  the  Tile  Works  at  Westwell  L«Eicon,  gave  the  following 
iJeCtion :— 

'                                                   -  Feet. 

Bluish-grey  olay  full  of  phosphate  nodules,  locally  called 

"stoixe".     -       -       -       -       -       -    .   -       -  -       -  5 

A  well-marked  nodule  bed  with  many  casts  of  Inoc.  sulcatus  1 

t)ark  bluish-grey  clay  with  few  phosphates     -    '    -  -       •-  -    3 

A  well-marked  nodule^  bed  with  Inoc.  suledtuf       -  -     .  .  \ 

Brownish-grey  clay  dug  (to  water)          -        -        ..  •        -  3 

'  Geology  of  the  Weald,  p.  147  (the  locality  being  given  as.  (3oatl)i:'0  X'9e9). 


.i. 
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v  The  ciay:  waa  Very  fosailifeipi^,  an4  sp^cinqgiis  of  th^  fplloifing 
weriB  obtained:' — Am,,  ^leTidena,  tavius,  denourivs^  oxA  iij^r^ 
cfUatvSy  Hamites  Kruiximus  and  att^nrnituet  lKhpceraifiiu§ 
concentriciis  and  /.  mlcatus,  Aporrhais  Trvargiimtay  Nucula 
pectinafa  and  Nucula  ovata,  ^  . 

If  the  range  of  Inoceramus  aulcatus  is  the  iSame  here  a^  at 
Folkestone  tnis  collection  would  indicate  the  iuwtipQ^  of  the 
Upper  and  Lower  Gault,  but  as  the  other  fossils  were  obtained 
from  the  floor  of  the  pit,  we  do  not  know  whether  they  occur  above 
or  below  the  nodule-b^d. 

At  Tile  Lodge  Farm,  1^  miles  west  of  Ch^-ring,  there  is  a  small 
pit  in  Lower  Gault  (Am.  Benettuinns)  and  ^n  obscure  section 
at  Harrietsham  seems  to  expose  both  Upper  and  Loiyer  Gault. 

The    next    section    worth    recording    is    at   Eyho^e  Street, 

HoUingboume,  which  is  as  follows : — 

Ft.  in. 

Soil 2     0 

Bluish  greyclay  with  light-coloured  phosphates      -        -  4     0 

A  marked  bed  of  nodules  with  Inoc.  sulcatui  -  .      -        -  ,1     0 

Bather  dark  bluish-CTey  clay 4     6 

Grey-brown    clay  drying    fawn    colourj  in    one    place 
markedly  ferruginous,  containing  lenticular  maases  of 

hard  stony  material  of  a  dull  red  colour       -        -        -  1     3 

Dark  grey  blue  clay  seen  for GO 


'f 


The  fossils  obtained  here  were  Ammtniitea  inten^wptuny 
eplendenSy  Uiutua  and  awintua,  Handtea  intertnediu^,  Inoc. 
6%dcatu8  and  concentricus,  Nucula  peciinata,  and  Belemmitee 
minimus.  The  Inoceramus  sulc-atus  ■  did  not  occur  below 
the  bed  of  phosphate  nodules,  and  it  would  seem  that  here 
again  we  have  the  junction  of  the  Upper  and  Lower  Gault 
exposed. 

The  brickyards  of  Aylesford  and  Burham  near  Maidstone  seem 

to  be  wholly  in  the  Upper  Gault,  and  will  be  mentioned  under 

that  heading.    Another  fair  section  in  the  Lower  Gault  is  to  be 

seen  at  Messrs,  DurtnelFs  Brick  Works  about  one  third  of  a  mile 

from   the  Bat  and  Ball  Railway  Station  at  Sevenoaks.      The 

toUowing  sequence  was  taken  in  1896  : — 

Ft.  in. 
Soil  and  rubble  - si    6 

Bed  of  nodules  with  Inoc.  mlcatus    -        -        -        -        -        0    6 

Greyish  blue  cla>[  with  fawn  coloured  mottling^,  includ- 
ing thin  intermittent  layers  of  reddish  stone  -        -        4    0 
Dark  greyish  brown  clay  mottled  with  bluish  giey  passing 

down  to  next  -        ^        -        -        ,        -        -    v    -        -        6    0 
Grey-brown  clay  (Paloeoco^ystes  Brocleripi)      -        -        -        2    0 
Intermittent  layers  of  reddish  argillaceous  stone.  , 
Dark  blue-grey  Gault  seen  for  -        -        -        -        -        -      10    0 

<  .  .  .       -  .         '      . 

r  The  base  of  the  greyrbrown  clay  is  washed  by  intermittent 
layers  of  red^h  stony  material,  and  wh^rib  this  dies  put  the  jba^e 
of  the  bed  is  still  streaked  by  a  rusty  stain.      _ 

The  foreman  of  the  yard  said  "the  clay  Eas  "been  proved  by 
boring  to  be  20  feet  d^pfef^  than  the'  pr^^rtt  flobr'ol.'the  pit." 
If  this  is  correct  the  Lower  GAult  has  bfecbnii^  slightly  thicker 
than  at  Folkestone!  ". 
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The  fossils  obtained  here  were  AinTnonites  intefmiptu8, 
tuberculatus,  splendens,  and  auritus ;  IrKweramus  concentricua 
and  /.  aulcatus;  Hamites  coTnpressiis,  Dentalium  decussatum, 
Palceocain/afes  Broderipi,  NucuUi  pectiiuda  y  Belemnites  miniTnus. 

The  last  exposure  of  the  Lower  (xault  in  Kent  is  at  Col. 
Ward's  brickyard  half  a  mile  north  of  the  church  at  Westerham. 
The  section  must  have  been  once  a  good  one,  but  is  now  obscure 
(1896),  and  only  about  five  feet  of  (lark  grey  gault  is  to  be  seen. 
There  were  many  fossils  scattered  about  where  a  little  clay  had 
been  recently  dug;  these  included  ArtimonUes  interruiituA,  Am. 
benettianu^%  Ain.  raulinianits,  Hamitea  interrfiediuSy  Iiwc. 
cancenfrlcus,  PnUeocovysteH  Stakes L 

Dr.  Fitton  mentions  the  following  fossils  as  obtained  in  a 
brickyard  near  Westerham^: — 

Ammonites     dentatus     {i.e.,  Dentalium  decussatum. 

interruptus).  Inoceramus  concentricua. 


lautus.  Nucula  pectinata. 

tuberculatus. 


Upper  Gault. 

Excepting  the  sections  already  mentioned,  which  seem  to  show 
the  base  of  the  Upper  Gault,  there  are  no  inland  exposures  of 
this  division  between  Folkestone  and  Maidstone. 

The  total  thickness  of  the  Gault,  however,  increases  very  greatly 
in  the  interval.  As  already  stated,  its  thickness  at  Folkestone 
may  be  put  at  1 12  feet ;  borings  at  Chatham  and  Frindsbury,  north 
of  Maidstone,  proved  a  thickness  of  between  192  and  193  feet  of 
Gault,  three  borings  differing  only  to  the  amount  of  a  foot. 
"  This,"  as  Mr.  Whitaker  remarks/  "  tends  to  show  that,  as  has 
b'^en  the  case  further  west,  too  small  a  thickness  may  have  been 
assigned  to  the  Gault  at  the  outcrop,  which  has  been  given 
as  low  as  100  feet,  and  the  supposed  abnormal  thickness  at 
Trottescliff,  where  the  Gault  was  not  bottomed  after  183  feet  had 
been  passed  through,  is  not  so  exceptional  as  has  been  thought." 

This  increase  of  thickness  seems  chiefly  to  occur  in  the  Upper 
Gault,  but  there  seems  also  to  be  a  slight  thickening  in  the 
Lower  Gault  near  Maidstone  and  Sevenoaks,  due  perhaps  to  th^ 
incoming  of  beds  eroded  at  Folkestone  and  represented  oy  Bed  8 
of  Price. 

In  the  valley  of  the  Medway  there  are  two  fine  sections  of  the 
Upper  Gault,  one  at  Aylesford  and  the  other  at  Burham. 

The  Aylesford  section  is  familiar  to  geologists,  for  it  was 
described  so  long  ago  as  1875^  and  has  been  visited  by  the 
Geologists'  Association.*  It  is  important  as  showing  the  junction 
of  the  Gault  and  the  Chalk. 


'  Trans.  Geol.  Soc,  Ser.  2,  Vol.  iv.  p.  152. 

2  Quart.  Journ.  Geol.  Soc,  Vol.  xlii.  p.  38  (1886). 

3  Jukes-Browne,  Quart.  Journ.  Geol.  Soc,  Vol.  xxxi.  p.  270. 
*  Proc.  Geol.  Association,  Vol.  iv.  p.  503. 
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CRETACEOUS  ROCKS  OF  BRITAIN. 


The  folloTring  is  the  succession  of  beds  seen  here  by  Mr.  Hill 
in  1896,  but  they  are  not  all  visible  in  one  vertical  face. 


Drift 

Lower 
Chalk. 


Upper 


Soil 

Sand,  fine  and  coarse  graTel 

Chalk  rubble     -        -        -        -        -        -        -        - 

Very  glauconitic  sandy  marl  with  brown  phosphatic 

nodules 

Light  grey  clay 

Bluish  grey  clay  with  Am,  b(/uchardianu4 
Bluish  grey  clay  with  iron-stained  markings     - 
Dark-blue  grey  clay  with  scattered  phosphates 


1  to  2  feet. 
8  to  9    „ 

7    „ 

1  ft.  3in. 
10  to  12  feet. 
16    „ 

3    „ 

35  to  40  ,, 


Over  80 


The  upper  part  of  the  Grault  is  here  a  light  grey  when  dry  and 
is  distinctly  calcareous ;  it  ohanges  abruptly  to  the  darker  blue- 
grey  clay  beneath.  The  glauconitic  bed  at  the  base  of  the  chalk 
is  seen  to  dip  at  a  sUght  angle,  and  cutting  through  the  bed  of 
light  coloured  Gault  finally  rests  on  the  bluish  clay  with  Am, 
boucliarxlianivs.  The  Geoloffists'  Association  visited  Aylesford  in 
1876,  and  in  his  report  Mr.  W.  H.  Hudleston  remarks  that  at  the 
time  of  the  visit  the  base  of  the  working  was  about  on  a  level  with 
the  Am.  varlcosits  zone  of  Folkestone. 

The  following  fossils  were  collected  by  the  Geological  Survey 
from  the  Aylesford  pits  in  1898  : — 


• 

Up  to  6  feet 

From  6  feet 

From  21  feet 

1 

from  floor. 

to  20  feet  up. 

to  40  feet  up. 

Ammonites  auritus,  Sow.     - 

X 

„         bouchardianus,cr(}r/>  - 

X 

X 

X 

„         lautus,  Sow. 

X 

X 

X 

„         splendens,  Sow.  - 

X 

— 

— 

„         varicosus,  Sow.  - 

X 

— 

— 

sp.      -        -        -        - 

— 

— 

X 

Ancyloceras  tuberculatum  l,Sow.  - 

— 

X 

X  ? 

Belemnites  mininius,  Ltst.{&\&ni) 

1 

X 

X 

X 

HamiteS'Sp. .        -        -        -        - 

Actseon  afnnis,  Sow.     - 

X 

— 

X 

— 

_ 

X 

Aporrhais  marginata,  Sow.  - 

X 

— 

— 

Dentalium  decussatum,  Soto. 

X 

X 

— 

Anomia  sp. 

~" 

— 

X 

Corbula  sp. 

— 

X 

[noceramus  concentricus,  Park.  - 

X 



«_ 

„          sulcatus,  Park. 
Nucula  ovata,  Sow. 

X 

_ 

_ 

X 

X 

— 

Cyclocyathus  Fittoni,  £.  <k  H.    - 

X 

— 

— 

TrochocyathusharveyanuSjiF.ifeZr.  I 

X 

• 

— 

It  will  be  noticed  that  no  ATnmonites  roatratus  was  found, 
nor  did  either  of  the  present  writers,  who  visited  the  pit  at 
different  times,  find  a  specimen;  but  in  the  report  afready 
mentioned  Mr.  Hudleston  gives  a  short  list  of  fossils  then  founa. 
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and  among  them  is  Ammanites  injUitus,  This  species  is 
evidently  so  rare  at  Aylesford  (as  well  as  at  Burham)  that  we 
may  be  pardoned  for  suggesting  the  possibility  of  some  other 
species  having  been  mistaken  for  it. 

Other  species  foimd  by  ourselves  or  by  Mr.  Hudleston  are : — 
Aporrliais  ovhlgnyaiia,  liucida  pediiuiUiy  Pentacrinns  Fittoni, 
and  Trochoamilia  sulcata  ;  Amvionites  varicosu^  and  Inoce- 
ramus  sulcafus  were  also  noted  as  occurring  40  feet  above  the 
floor.  Thus  the  fauna  of  the  Gault  exposed  m  this  pit  is  that  of 
the  Beds  8,  9,  and  10  at  Folkestone,  and  since  the  surface 
of  the  Gault  is  truncated  abruptly  and  is  overlain  by  sandy  marl 
containing  derived  phosphatic  nodules,  it  seems  very  probable 
that  some  portion  of  the  Upper  Gault  has  been  removed  from 
this  district  prior  to  the  deposition  of  the  Chalk  Marl.  There  is 
nothing  at  Aylesford  or  at  Burham  which  is  in  any  way  com- 
parable to  the  argillaceous  greensand  (Bed  12)  at  Folkestone,  and 
we  think  that  a  portion  of  the  Gault  representing  Beds  13,  12, 
and  most  of  11  is  here  wanting. 

The  section  of  the  Gault  exposed  at  the  Burham  Brick  and 
Lime  Works,  as  seen  by  Mr.  W.  Hill  in  1896,  was  as  follows : — 

Feet 

Soil -       -       14 

Pale  gi*ey  clay  containing  a  few  white-coated  concretionary 

lumps -        -        -        C 

Light  bluish  gi*ey  clay,  drying  to  lighter  grey  with  fawn- 
coloured  patches  or  mottungs         -        -        -        -        -    27-30 
Blue-grey  clay  passing  to  a  deeper  colour  at  its  base  -        -    60-56 
In  a  small  pit  a  little  removed  from  the  working  face  the 
section  was  carried  lower  in  dark  grey  to  very  glauconitic 
clay 6-8 

As  at  Aylesford  the  change  from  light  coloured  clay  to  the 
darker  is  abrupt ;  it  had  no  relation  to  moisture  contained  in  the 
clav  and  was  clearly  visible  all  round  the  pit. 

iio  nodule-beds  or  breaks  of  any  kind  except  colour  were 
observed,  the  clay  presenting  a  uniform  face. 

The  following  fossils  were  obUiined  here  by  the  Survey  in  1898 
from  the  lower  10  feet  of  the  worked  face : — 

Belemnites  miminius.  Acttton  aftiuis. 

Ancyloceras  tuberculatum.  A[X)rrhais,  cf.  Parkinsoni. 

Hamites  sp.  Anomia  sp. 

Ammonites  auritus.  Area  marullensis. 

„  bouchardianus.,  Inoceramus  concentricus. 

„  cristatus  1         '  Nucula  bivirgata. 

yy         denarius.  Nuculana  vibrayeana. 

„         lautus.  l^dvinulina  caracolla. 

„  varicosus. 

Ammonites  Bevdanti,  Nucvla  pectinata,  and  Pema 
lanceolatu  were  also  obtained  from  the  same  horizon  by 
Mr.  Hill. 

This  is  substantially  the  same  fauna  as  that  at  Aylesford. 

A  ffood  section  of  the  lower  part  of  the  Upper  Gault,  and 
possibly  some  12  or  15  feet  of  the  Lower  Gault,  is  seen  at  the  brick- 
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yard  a  few  minutes'  walk  from  the  railway  station  of  Dunton 
Green.    The  section  taken  by  Mr.  Hill  in  1896  was  as  follows : — 

Soil        -        -        - 3  ft. 

8.  Bluish  grey  clay  mottled  with  fawn  colour,  its 
base  marked  by  a  discontinuous  concretionary 

layer 7  ft.  6  in. 

7.  Fawn  coloured  clay  with  blue-grey  mottlings        -        1  „  6  „ 

6.  Greyish  brown  clay 4  „ 

5.  Bluish  grey  clay     -        -        -        -        -        -        -      10-12  ft 

4.  A  marked  line  of  flat  concretionary  masses  of 
a  reddish  brown  colour,  continuous  all  round 

the  face 3-4  in, 

3.  Bluish  grey  clay  becoming  rapidly  darker  towards 

the  base 8  ft 

2.  A  layer  of  phosphate  nodules         -        -        -        -         6  in. 
1.  Dark  grey  clay,  seen  for        -        -        -        -       •       12-15  ft 

About  45  feet 

A  number  of  fossils  were  collected  from  different  beds  at  the 
time  the  above  section  was  taken,  and  a  few  more  were  obtained 
by  the  Survey  in  1898.  The  following  list  includes  those  found 
on  both  occasions : — 


Bedl. 


Bed  3. 


Bed  5. 


Bedse 
and  7. 


» 
»» 


Belcmnites  minimus,  List.  -        -        - 

Ammonites  auritus.  Sow,    -        -        - 
cristatus,  de  Luc. 
lautus,  Sow.     - 
ochetonotus  ?,  Seeley 
raulinianus,  ddOrb.  - 
splendens,  Sow. 
varicosus,  Smv. 

Ancyloceras  tuberculatum,  Sow. 

Hamites  sp. 

Aporrhais  marginata,  Smv.  - 

Dentalium  decussatum,  Sow. 
„         alatum,  Gard.  - 

Natica  Genti,  aSow.     -        -        -        - 

Solarium  omatum,  Smv. 

Cardita  tenuicosta,  Soiv.     - 

Inoceramus  concentricus,  Ft  irk.  - 
„  sulcatus,  Fark. 

Nucula  ovata,  Soio.     -        -        -        - 
„       pectinata,  Sovk       - 

Pollicipes  unguis,  Sow.  (right  tergimi) 
,^         rigidus,  iS^ow^.  (   „         „      ) 

Hcmiaster  sp.     -       - 

Pentacrinus  Fittoni,  Austen. 

Cyclocyathus  Fittoni,  E.  6:  H.   - 


X 
X 


X 
X 
X 

X 
X 
X 
X 


X 
X 
X 
X 


X 

X 

z 


X 
X 
X 


X 

X 

X 
X 


The  bed  of  phosphatic  nodules  appears  to  correspond  with 
Mr.  Price's  Bed  8  at  Folkestone,  and  the  overljdng  beds  may 
be  regarded  as  belonging  to  the  zone  of  Ayti'moniie^  varicoaibs. 
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Upper  Oreensand. 

In  the  Memoir  on  the  Geology  of  the  Weald  (1875)  the  sandy 
glauconitic  marl  which  overhes  the  Gault  at  Folkestone  was 
regarded  as  Upper  Greensand,  but  we  agree  with  Mr.  F.  G.  H.  Price 
(1877)  and  Dr.  Ch.  Barrois  (1879)  in  regarding  it  as  Chloritic 
Marl,  in  other  words  as  the  basement  bed  of  the  Chalk.  It  will 
therefore  be  described  under  that  head. 

The  similar  but  much  thinner  bed  of  greenish  sandy  marl 
which  is  exposed  at  Aylesford  we  also  consider  to  be  the  base  of 
the  Chalk,  as  did  Mr.  F.  Drew,  who  mapped  that  district  for 
the  Geological  Survey.^  This  bed  is  also  found  in  West  Kent, 
and  becomes  rather  thicker  again  as  it  is  traced  westward. 

The  true  Upper  Greensand  only  commences  in  the  extreme 
west  of  the  county,  probably  near  Brastead,  and  the  only 
exposure  we  were  able  to  find  was  at  the  spring  head  200  yards 
west  of  Court  Lodge  Farm,  IJ  miles  N.N.E.  of  Westerham. 
Here  three  feet  of  greenish  glauconitic  sandy  marl  was  seen  over- 
lying firm  grey  micaceous  and  siUceous  rock.  The  rock  was 
greenish  grey  at  the  junction  with  the  marl,  but  passed  down  into 
whitish  grey  rock  similar  to  the  malmstone  seen  in  Surrey  two 
miles  further  west.  Its  junction  with  the  Gault  was  obscured. 
No  fossils  were  found.  The  glauconitic  marl  we  regard  as  the 
base  of  the  Chalk,  and  the  siliceous  rock  as  the  setting  in  of  the 
Malmstone.    (See  Fig.  50,  p.  87.) 

It  appears,  therefore,  that  the  malmstone  sets  in  at  the  top  of 
the  Upper  Gault,  and,  so  far  as  the  evidence  at  this  point  goes,  it 
might  be  an  entirely  separate  formation  from  the  Gault,  superior 
to  and  distinct  from  the  Upper  Gault  or  zone  of  ^m.  rostratus. 
We  shall  see,  however,  that  as  it  is  followed  through  Surrey  and 
Hants  there  is  good  reason  to  believe  that  it  is  developed  at  the 
expense  of  the  Upper  Gault,  and  that  it  is  only  a  special  facies  of 
the  upper  part  ot  the  Am.  rostratu^*i  zone,  litnologically  different 
from,  but  stratigraphically  equivalent  to,  the  higher  calcareous 
marls  of  Burham  and  Aylesford,  and  the  Beds  11,  12,  13  of 
Folkestone.  Consequently  if  any  bed  at  Folkestone  can  be 
called  Upper  Greensand  it  is  that  which  occurs  in  the  Gault, 
our  Bed  12. 

*  Geology  of  the  Weald,  by  W.  Topley,  p.  153. 


0»  I.'   ■•  r"»'-' 


>'.!•■. 


CHAPTER  VI. 

,.    OAULT  AND  UPPER  GREENSAND  (SELBORNIiyN) 
;  ,  IN  SURREY.  ,'.'.,,.. 

General  Description. 
■  •  '  >     .  '■  ■ 

Entering  Surrey  from  the  east  the  strip  of  countrj"  occiupied  l?y 

the  Grault  and  Upper  Greensand  follows  a  direction  a  little  south  of 

west;  passing  through  the  northern  outskirts  of  Reigate,.  a  little 

north  of  Dorking  and  south  of  Guildford,  it  passes  out  of  the 

county  near  Farnham.     In  consequence  of  the  steep  northerly 

dip,  which  varies  from  5^  to   40®,  the  basset  surface  or  width 

of  outcrop  is  always  a   narrow  one  in   Surrey.     Thq  ^ne,  of 

Aimnonites  viammUlatiis  is  represented   only   by  a  few  feet 

of  green   and   yellow  or  orange-coloured  sands   with   layers   of 

phosphatic  nodules  varyinjj  in  thickness  from  two  to  six  feet.    It 

may  pe  absent  altogether  in  places,  but  there  is  no  doubt  about 

its  occurrence  in   others.     We<  do   not,  however,  see  3ui|^c^^Qt 

reason  for  including  in  this  zone  any  of  the  underlyiug  Xei^- 

ginous  sands. 

The  succeeding  zones  of  Anvnwnitea  interrwptnH  and  Ain. 
lautus  which  form  the  Lower  Gault,  qonsist  of  plays  which  are  a 
continuation  of  those  of  West  ICent,  but  little  is  seen  of  them, 
for  brickyards  are  few  and  the  pits  in  them  are  shallow.  From 
what  can  be  seen,  however,  it  appears  to  change  its  .character 
considerably  toward  the  western  part  of  Surrey,  becoming  a 
dark  blue  pyritous  clay  in  which  fossils  are  very  scarce,  presenting 
in  this  respect  a  great  contrast  to  the  fossiliferous  clays  of 
Folkestone. 

How  much  of  what  has  been  mapped  as  Gault  belongs  to  the 
Lower  Gault  and  how  much  to  the  Upper  Gault  (zone  of 
Ammonites  rostratus)  we  cannot  say;  but  between  the  stiff 
marly  clay,  which  every  one  would  call  "  Gault,"  and  the  beds 
which  are  so  sandy  that  every  one  would  ciill  them  Greensand, 
there  is  a  certain  thickness  o{  sandy  or  rather  silty  marl,  for  the 
sandy  ingredient  is  in  a  very  iine  state  of  division.  These  siltv 
beds  arc  of  a  dull  drab  or  gri^yish  brown  colour ;  they  are  well 
seen  near  Merstham,  where  they  are  only  about  20  feet  thick,  but 
near  Betchworth  a  thickness  of  70  feet  of  them  has  V)een 
measured,  so  that  they  appear  to  thicken  very  rapidly  westward. 

It  is  not  easy  to  say  whether  these  silty  marls  thicken 
independently  of  the  Gault  below,  or  whether  there  is  a  lateral 
change  from  marljr  clay  to  silty  marl,  and  this  change  gradually 
affects  a  greater  thickness  of  beds ;  but  we  incline  to  Delieve  that 
the  latter  is  the  true  explanation.  There  is  no  doubt  that  the 
clays  which  are  called  Gaidt  become  much  thinner  as  they  are 
traced  westward ;  in  West  Kent,  as  we  have  seen,  they  are  nearly 
200  feet  thick,  whilst  in  West  Surrey  and  in  Hants  they  are 
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prohablyfiot  more  than  100  feet,  and  in  the  same  di8trict3  the 
silty  marls  and  sandstones  which  miffht  be  mapped  as  '*  Upper 
Greensand"  are  from  150  to  170  feet  thick.  .  . 

It  has  been  usual  to  regard  the  Malmstone  beds  as  a  younger 
formation  than  the  Upper  Grault  of  Kent,  and  it  is  quite  pogslole 
that  it  is  to  some  extent  a  lenticular  deposit  thickenmg  westward 
by  an  increase  of  siliceoits  matter  derived  from  an  organic  source; 
but  when  it  is  considered  in  connection  with  these  silty  marls 
into  which  it  passes,  and  in  which  l)eds  of  sandstone  sonietime^ 
occur,  it  seems  much  more  likely  that  it  is  a  case  of  lateral 
change.  .  We  believe  that  the  upper  marly  clays  of  West  Kent 
pass  gradually  into  silty  micaceous  marl,  the  change  commencing 
m  the  highest  beds  but  extending  to  lower  and  lower  beds  as 
these  pass  westward ;  fiurther  that  the  higher  silty  marls  begin  to 
change'  into  soft  brownish  siliceous  earths,  in  consequence  of  a 
larger  and  larger  admixture  of  siliceous  matter  derived  from  the 
decay  of  sponges,  till  at  length  on  the  borders  of  Hampshire  they 
become  part  of  the  Malmstone  series.  Our  view  is  expressed  in 
the  diagram,.  Fig.  51,  in  which,  however,  the  malnistQQe  is 
separated  from  the  silts  by  too  definite  a  line. 


Fio.  51   Diagram  to  ihow  lateral  pasioge  of  Gault  into  Malmstone, 


f  i  1. 


i»Pff^«    A 


A,  West  Kent.  B.  Borders  of  Surrey  and  Hants. 

.  The  malmstone  should  have  been  drawn  as  parsing  into  the  silty  beds. 

There  is,  moreover,  reason  to  believe  that  the  westerly  thicken- 
ing is  not  confined  to  the  Upper  Gault,  but  that  the  Lower  Gault 
participates  in  it,  for  we  shall  see  hereafter  that  near  Devizes, 
still  further  west,  the  whole  of  the  so-called  Gault,  90  feet  in 
thickness,  belongs  to  the  Lower  Gault. 

West  of  Reigate  the  lower  part  of  what  may  be  called  the 
Merstham  Beds  consists  of  a  firm  silty,  sligntly  gtauconitic 
marl,  containing  large  siliceous  concretions,  doggers  or  burr- 
Btones,  which  are  generally  arranged  in  layer^.  This  silty  marl 
passes  down  into  the  grey-brown  marls  oelow.  Above  it  are 
thick  beds  of  the  soft  pecuUc^r  kind  of  sandstone  which  is  so 
well  known  as  Malm  and  Firestone ;  this  is  a  siliceous  slightly 
micaceous  rock,  containing  more  organic  silica  than  quartz- 
sand;  but  some  beds  contain  much  calcareous  matter,  and 
these  form  harder  layers  of  siliceo-calcareous  rock.  The  uj)per 
part  is  generally  the  most  calcareous,  and  this  variety  is  kirown 
as  hearth^tcme,  the  softer  and  more  siliceous  varieties  bei^g 
tha>jtrue  malin  or  Jire8t(n[ie,  ^  Jn  the  west;,  of.  the  OQUijity  Uaesd 
beds  are  probably  from  60  to  80  feot  thick,     .^        ,  ]-..  ^^^J(),  f -^  - 
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With  respect  to  the  zone  of  Pecten  dspevy  it  is  very  diflScult  to 
say  whether  there  is  any  representative  of  it  or  not.  The  whole 
of  the  Malm,  using  this  as  a  general  name  for  the  lirestone  and 
hearthstone,  we  regard  as  belonging  to  the  zone  of  Ammonites 
roatratua ;  and  there  only  remains  the  8  or  10  feet  of  greenish- 
grey  sand  which  lies  between  the  malm  and  that  which  we  take 
to  be  the  base  of  the  Chalk  Marl.  This  sand  is  marly  and 
micaceous,  in  which  respects  it  differs  from  the  sands  of  the 
Pecten  asper  zone  in  Wilts,  Dorset,  and  the  Isle  of  Wight ;  it 
has  yielded  no  fossils  except  Limci  globosdy  and  we  do  not  see 
any  reason  for  separating  it  from  the  underlying  rock  and 
putting  it  into  another  zone. 

If  it  be  argued  that  the  upward  passage  into  the  Chalk  shows 
the  succession  here  to  bo  complete,  and  that  a  complete  succession 
involves  the  existence  of  a  zone  of  Pecten  asper,  we  reply  that 
such  an  argument  is  fallacious.  Nature  does  pot  build  in 
oerfectly  continuous  courses,  deposition  was  not  continuous  every- 
where at  the  same  time,  and  consequently  a  set  of  beds  containing 
a  special  assemblage  of  fossils  may  be  present  in  one  area  but 
absent  in  another.  As  a  matter  of  fact,  tne  sands  in  question  thin 
out  westward,  and  are  absent  near  Famham ;  and  as  we  know 
that  there  is  no  representative  of  the  zone  of  Pecten  asper  in  Kent, 
we  think  it  unlikely  to  be  present  in  the  intervening  tract  of 
country. 

With  respect  to  the  total  thickness  of  the  Selbomian  stage  in 
Surrey,  it  is  difficult  to  form  any  estimate  from  the  width  or 
slope  of  the  outcrop,  because  of  the  northerly  dip,  which  is 
generally  one  of  5°  or  6**  near  Merstham  and  Reigate  but  increases 
to  25°  and  more  in  the  west  of  the  county.  Three  deep  borings 
in  the  London  basin,  however,  afford  some  definite  information. 
That  at  Streatham  Common  showed  a  thickness  of  217  feet  between 
the  base  of  the  Chalk  Marl  and  the  base  of  the  Gault  (which 
there  rests  directly  on  Jurassic  rocks);  of  this  thickness  28 J 
feet  are  grey  calcareous  sandstone  and  188^  are  Gault  clays.  In 
the  Richmond  boring  the  total  thickness  is  almost  exactly  the 
same,  i.e.,  217^  feet,  but  only  16  feet  is  assigned  to  the 
"Greensand."  ^ 

At  Winkfield  near  Windsor,  which  is  about  14  miles  north  of 
Guildford,  the  thickness  is  still  greater,  being  no  less  than  291 
feet,  of  which  260  feet  is  Gault  marl  and  clay.^ 


Stratigraphical  Details. 
Lower  Gault. 

Mr.  Topley^  records  the  junction  of  the  Gault  with  the 
Lower  Greensand  in  "the  road  cutting  at  Stilsum, north  of  Reigate," 
again  a  little  east  of  Reigate  Railway  Station,  and  in  the  road 

*■ 

'  See  "  The  Geology  of  London,"  by  W.  Whitaker,  Mem.  Qeol.  Survey, 
Vol.  ii.  pages  215  and  226. 
*  See  Wnitaker  and  Jukes-Browne  in  Quart.  Journ.  Geol.,  Vol.  1.  p.  498. 
'  Geology  of  the  Weald,  page  148. 
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cutting  east  of  Wray  Common.    Its  base  is  marked  by  "  phos 
phatic  nodules  and  pieces  of  Ammonites."     In  the  railway  cutting 
near  Wootton  the  same  thing  occurs,  and  in  "  the  cutting  north  of 
Abinger  Hall,  where  blue  clay  is  separated  by  a  four-inch  layer  of 
brown  ironstone  from  the  yellow  sand  of  the  Lower  Greensand." 

A  brickfield  on  the  east  of  the  railway  between  Mersthara  and 
Red  Hill  was  visited  by  the  Geologists*  Association  in  May,  1887,^ 
and  the  section  then  exposed  the  base  of  the  Gault,  the  beds 
seen  being  described  by  Messrs.  H.  W.  Monckton  and  H.  A. 
Mangles  as  follows  : — 

(4.  ?Clay 
3.  Very  coarse    quartz  sand  with  much  glauconite,  of 
a  dark  firreenish  grey  colour. 
2.  Line  or  small  phosphatic  nodules. 

L.G.S.— 1.  Coarse  yellow  quartz  sand. 

The  beds  numbered  2  and  3  piobably  represent  the  zone  of 
Am.  "inaminillcUus, 

Mr.  Whitaker  observed  the  junction-beds  in  1873  in  the  road 
a  quarter  of  a  mile  N.W.  of  Gomshall  railway-station.'^  The 
beos  are  dipping  north  at  about  20',  and  when  his  account  is 
thrown  into  the  form  of  a  vertical  succession  it  reads  as 
follows : — 

Feet 
Dark  grey  sandy  clay  with  phosphatic  nodules,  some 

of  which  show  woody  structure     -         -        -        -  3  or  4 
Clayey  greensand  with  phosphatic  nodules  in  the 

upper  part 3 

Greensand,  lighter  coloured  and  more  sandy     -        -  3 

Bright  red  mottled  sandy  clay 1 

Grey  clayey  sand,  mottled  with  red  at  the  bottom    -  2 
Sharp  buff  sand. 

Some  of  these  beds  probably  represent  the  zone  of  Am. 
mainmillatus,  but  as  no  fossils  were  obtained  it  is  impossible  for 
us  to  say  which.  The  occurrence  of  red  clay  here  ana  elsewhere 
in  the  Weald  at  the  base  of  the  Gault  is  noteworthy  in 
connection  with  similar  beds  in  Norfolk  (see  p.  2). 

A  section  showing  the  junction-beds  of  the  Gault  and  Lower 
Greensand  is  recorded  by  Messrs..  Boulger  and  Leighton^  at 
Rokefield,  between  Wootton  and  Dorking.  The  succession  is 
described  as  follows : — 


t 


Gault    clay    with   much   glauconite    and 
Gault     -    ■{      a  few  phosphatic  nodules. 

Sandy  blue  clay  with  glauconite. 

'3.  Coarse  orange  sands  with  small  pebbles  and 

clayey  partings. 
,4.  Red  and  Dim  sands  to  the  bottom  of  the  pit. 


Folkestone 
Beds 


"  The  lithological  change  from  sand  to  clay  is  abrupt,  beds  2  and  3 
are  junction  beds  of  no  great  thickness.  .  .  .  The  Gault  is  as  usual 
very  fossiliferous,  the  chief  forms  being  Amm.  intermptus  (Brug.).*' 

*  See  Proc.  Geol.  Assoc.,  Vol.  x.  p.  166,  and  Vol.  xiii.  p.  77. 

*  In  Topley's  Geology  of  the  Weald,  p.  149. 

^  Proc  Geol.  Assoc.,  Vol.  xiii.  part  1,  page  9,  1893. 
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Lower  Gault  is  seen  at  Whitedown  brickyard,  the  shallow  pit 
showing  a  dark  grey  clay  which  must  be  near  the  base,  as  Lower 
Greensand  is  seen  m  the  railway  cutting  just  beyond ;  and  clay 
at  about  the  same  horizon  is  seen  in  the  shallow  pits  at  Albury 
brickyard. 

Pits  exposing  the  junction  of  the  Gault  and  Lower  Greensand 
at  Wrecclesham  seem  to  have  existed  for  a  long  time.  They  are 
mentioned  by  Murchison  in  1825,  and  were  mlly  described  by 
Messrs.  Paine  and  Way  in  1848^  in  their  excellent  paper  on  the 
Phosphoric  StraUi  of  the  Chalk.  They  say  "  there  are  three 
distinct  beds  of  fossils ;  the  first  lies  above  the  thin  seam  of 
ironstone ;  it  is  about  3  or  4  feet  thick,  the  fossils  being  inter- 
mingled in  a  soft  matrix  of  sand  and  clay.  .  .  The  position  of 
the  second  bod  is  immediately  below  the  iron-sandstone.  It 
consists  almost  entirely  of  a  conglomerate  of  fossils  in  a  matrix 
of  sand,  which  is  from  3  to  18  inches  thick.  The  third  bed  lies 
about  3  feet  lower,  and  is  similar  in  all  respects ;  occasional  fossils 
are  intermingled  with  the  intervening  layer  of  sand."  An  analysis 
showed  an  amount  of  phosphoric  acid  equal  to  42*48  per  cent,  of 
bone  earth  phosphate.  They  mention  another  pit  half  a  mile  to 
the  south-west  where  there  is  only  one  bed  beneath  the  iron- 
sandstone. 

"With  the  more  definite  fossils  are  intermixed  masses  of 
brownish  coloured  wood,  in  most  instances  bored  by  teredines." 

"  On  the  western  side  of  the  parish  of  Frenslmm  there  is  a 
continuation  of  the  fossiUferous  strata,  skirting  the  edge  of  the 
Alice  Holt  Forest.  The  fossils  in  this  locality  are  chiefly 
confined  to  the  upper  bed  at  the  immediate  jimction  of  the  sand 
and  Gault  clay ;  they  are  similar  in  character  to  those  foimd  at 
Wrecklesham,  but  the  nodules  are  generally  larger,  many  of  them 
being  of  the  size  of  a  man's  fist." 

The  section  in  the  pits  by  Wrecclesham  (or  Wracklesham) 
Church  was  given  by  Topley  as  follows,  the  grouping  being 
my  own  * : — 

Ft,  in, 

lihie  clay  (Gault)     -        -        -        -        -        -        -    6    0 

^Dark  sand  with  phosphatic  nodules  thinly  scattered 
through  it 

Brown  ironstone 

Dark  sand        -        -        - 

Phosphatic  nodules  with  pieces  of  Ammonites  and 
other  shells 

Light  brown  sand 

Pho8})hatic  nodules,  darker  than  the  last 

Coarse  clayey  sand  with  two  or  three  thin  bands  of 
k        clay 


Zone  of  Am,  ^ 
mammillatus' 


Lower  fSoft  brick  red  sand  - 

Greensand     t  Light  fawn-coloured  sand 


3 

0 
1 

0 
2 

0 
4 
0 

4 
6 
4 

6 

6 

0 
10 

6 
0 

30    5^ 


*  Joum.  Roy.  Agric.  Soc..  Vol.  ix.  p.  78. 

2  Geology  of  the  Weald,  Mem.  Geol.  Surv.,  p.  142  (1876). 
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The  section  was  visited  by  the  Geologists'  Association  in  1893 
and  described  by  Messrs.  Monckton  and  Mangles,  but  they  seem 
to  have  s^en  only  the  up|x^r  part.  They  found  the  following 
fossils  in  the  second  (or  middle)  l>ed  of  phosphate  nodules: — 
Nautilus  (a  fragment),  Ammonites  Beitdavti,  Am.  hiterriiptus, 
Ndtica  Rp,^  Pectev  cyt'hicvlaris,  and  Neithea  qvinqiiecostdta} 

The  \\rriters  discuss  the  correlation  of  these  beds,  and  are 
in  doubt  whether  to  refer  them  to  the  zone  of  ^7/?.  interruptus 
or  to  that  of  Am.  rmr mmilkitus ;  but  Mr.  Monckton  informs  me 
that  he  has  since  foiuid  a  si)e(*imen  of  Am.  mammillatus  in  tlie 
same  fossiliferous  bed,  and  this  may  1x3  considered  to  decide  the 
question.  I  agree  with  him,  therefore,  in  regarding  beds  I 
have  bracketed  as  representing  the  zone  of  Am.  iruimmillatus, 
with  a  thickness  of  about  15  feet. 

Upper  Guult  and  Upper  Greensand. 

No  good  section  of  these  beds  is  seen  in  the  east  of  Surrey  till 
we  come  to  Godstone.  In  the  early  part  of  this  century,  up  to 
about  1830,  th^ Jirestone  of  Godstone  and  Merstham  was  largely 
quarried  both  for  building-stone  and  for  stone  to  Ime  fire-places 
and  fiurnaces.  The  quarries  have  been  mentioned  and  described 
by  many  writers,  notably  by  Webster,^  W.  Phillips,^  and  Fitton.* 

It  would  appear  that  in  Fitton's  time  only  a  small  thickness 
of  the  Malmstone  was  worked,  and  that  this  was  in  the  Firestone 
part  of  the  series,  whereas  the  Ix^d  now  chiefly  worked  is  the 
"  hearthstone  "  which  lies  above  the  "  firestone."  Fitton  says 
the  stone  was  obtained  by  an  adit  l)etween  five  and  six  feet  m 
height,  and  the  fpUowing  is  the  succession  which  he  gives : — 

Ft.  in. 

1.  Hard  roofy  a  unifonn  fine  giained  sandstone etfervescing 

strongly  with  acids,  and  easily  cut  into  any  desired 
form.  It  forms  a  roof  of  such  firmness  as  to  suppoit 
itself  for  a  width  of  17  feet. 13 

2.  Fi resume  ("  Green  bed  "  of  the  workmen).     Stone  like 

that  of  the  roof  but  harder  and  somewhat  finer  in 

grain,  in  three  layers,  aV)out    -        -        -        -        -        4    0 

3.  A    bed    of    bluish-grey    siliceous    concretions    called 

"flints"  hy  the  workmen,  embedded  in  hard  grey 
siliceous  stone,  from  3  inches  to      -        -        -        -        0    4 

4.  Fir€»t<ytie\\k^^o.'2       -         -        -        -        -         -         -        0  10 

f),  Quarry  floor,  stone  unfit  for  working  from  its  containing 

much  flinty  [cherty]  matter.  

<y    5 

Of  Merstham  Fitton  gives  the  following  account : — "  Merstham 
occupies  nearly  the  middle  line  which  has  been  worked 
upon  for  firestone ;  the  extroiiK*  points  to  which  tlu^  quarries  have 
extended  of  late  ywirs  [I.e.  before  1827]  l)eing  near  Godstone  on 
the  ea.st  and   Buckland  Green  on  the  west.     .     .     .     The  beds 

*  Proc.  Geol.  Assoc.,  Vol.  xiii.  p.  17. 

2  Trans.  Geol.  Soc,  8er.  1,  Vol.  v.  p.  355. 

3  Outlines  of  the  Geology  of  England  and  Wales  (1822),  p.  150. 

*  Trans.  Geol.  Soc,  Ser.  2,  Vol,.iv.  p.  137. 
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dip  at  a  ver}^  small  angle  towards  the  north,  and  those  which 
include  the  lirestono  are  visible  to  a  thickness  of  about  thirty  feet, 
projecting  like  a  step  beyond  the  foot  of  the  Chalk  escarpment. 
The  works  had  been  discontinued  for  some  time  before  I  visited 
the  place,  but  the  following  list  of  the  strata  was  given  to  me  by' 
the  person  who  had  superintended  them : — 

a.  "i?(x>/*" — sand  2  feet,  soft  stone  2  feet.      This  stratum  is  of 

great  firmness  and  stability,  the  roof  siijnjorting  itself  per- 
fectly in  the  drifts,  which  are  30  feet  wide         -        -        -    4 

b.  "  Firestone"  including  "  flints  "  (cherts)  about  two  feet  from 

the  top 5j 

c.  "  Gooil  Juird  l/uihUjuj-stoHi' " 2 

d.  "  Burry  stone,"  about l(i 

Gault  "  marl "  below.  

Total         -        -        -      -        25  to  27 

He  states  in  a  note  that  ''a  well  at  the  Feathers  Inn  is  150 
feet  in  depth  with  a  boring  of  60  feet  at  the  bottom,  in  the  whole 
210  feet,  all  in  clay  and  marl.  .  .  .  The  water  rose  to  within  40 
or  50  feet  of  the  surface.  Much  sand  w^hich  had  come  up  through 
the  bore  was  afterwards  foiuid  at  the  bottom  of  the  well." 

Of  the  Godstone  quarries  Dr.  Hinde  ^  writes  in  1885 : — "  There 
is  hero  an  upjx^r  bed  of  soft  rock  5  to  8  feet  in  thickness,  which 
is  largely  quarried  for  hearthstone.  This  rock  is  of  a  more 
friable  character  and  contains  more  calcite  than  the  Malm  or 
Firestone.  Beneath  the  hearthstone  bed  there  are  two  beds  14  feet 
in  thickness  of  Malm  or  Firestone  similar  to  those  at  Merstham, 
and  filled  wdth  sponge  remains.  In  them  there  are  at  intervals 
parallel  layers  of  the  hard  blue  aggregations  known  as  flints." 

In  1896  the  quarries  about  1  mile  north  of  Godstone  were  still 
worked.  One  about  \  mile  east  of  the  London  Road  penetrates 
about  130  yards  under  the  hill.  The  rock  quarried  in  angular 
lumps  is  used  chiefly  for  cleanino^  hearths,  little  being  used  for 
building.  In  the  (juarries  immediately  west  of  the  London  road 
a  large  number  of  slabs  of  a  size  suitable  for  hearthstones  were 
drying  in  open  sheds. 

About  250  yards  still  further  wosi  an  open-air  quarry  gave  the 
following  section  in  quite  the  upper  part  of  the  Greensand  :— 

Ft,  in. 

Soil,  <tc. 3    0 

Soft    green -^rey    micaceous    glauconitic    sand     Avicula 

<p^ph<Eoi(hs 36 

I^ighter  grey  micaceous  sand 60 

A  layer  of  separated  dogger-like  masses    in  soft  grey 

micaceous  .sand 29 

Firm  grey  glauconitic  sandy  rock  seen  for  5  to  -        -        -  6    0 


20    3 


To  the  east  an  old  part  of  the  quarry  showed  the  uppermost 
bed  of  green-grey  sand  to  be  6  or  7  feet  thick. 

Toploy  -  says  the  total  thickness  of  the  Upper  Greensand  near 


^  On  the  })eds  of  sponge  remains  in  the  U[>])er  Greensand  and    Lower 
Greensand  of  England.     Phil.  Tran.s.  Koy.  Soc.,  Part  II.  1885,  p.  4J5. 
'-*  Geology  of  the  Weald,  p.  1 54. 
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Godstone  is  perhaps  about  25  or  30  feet,  but  the  above  notes 
indicate  a  thickness  of  at  least  38  feet.* 

Writing  in  1885,  Dr.  Hinde  gives  the  following  sectionras 
visible  in  a  quarry  1 J  miles  east  of  Merstham : — 

Ft.  in. 

1.  Siliceous  and  siliceo-calcareous  rock  in  thin  beds  -        -        6    0 

2.  Similar  rock,  but  in  large  compressed  nodules  which  in 

places  decompose  to  a  reddish  clay    -        -        -        -        0    8 

3.  Beds  of  siliceo-calcareous  rock,  Firestone  or  Malm       -      10    0 

15    0 

He  describes  these  beds  of  rock  as  "  when  fresh  of  a  light 
brown  tint  and  earthy  aspect;  they  become  white  or  grayish- 
white  when  dry,  and  are  then  consiaerably  harder.  The  rock  is 
minutely  porous  and  largely  absorbent  of  water,  and  when  dry 
of  light  specific  gravity.  .  .  In  some  places  the  light  brown  rock 
passes  into  one  which  is  heavier,  more  compact,  and  of  a  light 
bluish  tint,  and  frequently  becomes  nodular.  These  nodules  are 
locally  known  as  flints,"  but,  as  ho  remarks  further  on,  "  they  are 
not  sharply  delimitated  from  the  enclosing  rock,  in  the  same 
manner  as  the  flints  in  the  chalk,  but  there  is  a  gradual  passage 
from  one  to  the  other."  Dr.  Hinde  found  the  rock,  on  micro- 
scopical examination,  to  be  full  of  sponge-spicules,  but  "  did  not 
meet  with  a  single  entire  sponge  or  even  a  fragment  of  one." 
So  far  as  we  can  ascertain  no  one  has  recorded  a  fossil  of  any 
kind  from  the  Merstham  or  Godstone  quarries. 

An  excellent  section  showing  the  junction  of  the  Chalk  Marl 
and  Upper  Greensand  is  seen  at  the  Colley  Hill  (juarry  about  a 
mile  N.X.W.  of  Reigate.  The  following  succession  was  noted 
here  by  Mr.  W.  HiU  m  1896  :— 


Chalk 

marl 

»ne  i 

Ani' 

varians. 


Ft. 

in. 

3to4 

0 

6 

0 

^1.  Soil  and  rubbly  chalk        -        - 
2.  Grey  marly  chalk  drying  whitish 
'^aif         ^-  ^^®y    "^"y    ^^^^   mottled  with   bluish 
zmie  of     I  ^^^'   containing    hard    concretionary 

niasnes,  J  ffummites  tfai^ians '        -        -        9  0 

4.  Grey  clayey  marl  much  mottled  and 
patched  with  yellowish  buff,  imssing 
msensibly  into  the  bed  below       -        -        2  0 

Chloritic    (5.  Greyish    green    glaueonitic    siindy    marl, 
Marl.       I             Ostrea  vesicularU,Aviaihi(jr}fph<t'oid£^        3  0 

^6.  Greyish  green  glaueonitic  micaceous  marly 
sand  i)assing  into  next 
,r                7.  P'irm  greyish  green  micaceous  marly  sand - 
IJpper      j  g   jj^j.^  greyish  green  rock,  "  the  Koofstone  " 
ureen-        ^   p^^jj^  greenish  grey  sandstone,  "  Hearth- 
^^^       \  stone" 

10.  Hard  green-grey  rock       .        -        -        . 

1 1 .  Firm  green -grey  sandstone,**  Hearthstono 

43  9 

Beds  4,  6,  6,  7  imss  down  into  each  other  so  insensibly  that  no  line 
can  be  dirawn,  though  by  standing  a  little  way  of  some  difference  in 
each  is  shown  by  the  wcivthering. 

Visiting  this  quarry  again  in  1897  the  workings  were  found  to 

»  More  recent  information  indicates  a  thickness  of  55  feet.     See  Proc. 
Geol.  Assoc.,  V<>1.  xvi.,  p.  102  (1«90). 

1980.       •         -        ^  G2 
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be  much  extemlcd,  and  ahoiit    10   foet  of  the   lower  hearth 
stone  exposed.      It  was  also  seen   that  huge  lenticular  masses 
some   yards   in   length  and  two   or    three    in    thickness    had 
Slipped  from  their  original  jwsition  down  the  slope  of  the  hill,  yet 
retaining  their  horizontal  position. 

Mr.  C.  E.  Hawkins  has  communicated  a  detailed  account  of 
the  succession  visible  at  the  Brockham  quarry  in  1879,  when  he 
was  able  to  meiisure  a  long  exposure  of  the  l>eds  from  the  base 
of  the  Chalk  to  the  clays  of  tne  Gault.     The  fbllowing  is  some 
what  condensed  from  Mr.  Hawkins'  notes. 

"The  base  of  the  Chalk  Marl  is  rather  sandy,  and  passes 
abruptly  into  a  green  sandy  and  marly  bed,  but  there  is  no  line 
of  division  between  the  two.  This  passes  rapidly  down  into 
olive-green  micaceous  sand,  of  which  there  is  about  12  feet.  Thw 
sand  rests  on  a  seam  of  hard  siindstono  a  few  inches  thick,  below 
which  is  greenish  grey  sand  alx3ut  foiir  feet  thick,  more 
micaceous,  and  becoming  hard  at  the  base.  In  another  pit  the 
seam  of  hard  siindstone  forms  the  "roof-stone"  to  a  tumiel 
which  is  excavated  entirely  m  the  Hearthstone,  no  attempt  being 
made  to  work  the  underlving  Firestone. 

"  Thirty  yards  south  oi  this,  and  at  a  slightly  higher  level,  the 
Firestone  is  seen  cropping  out  at  the  surface.  It  is  much  jointed 
in  every  direction,  and  even  rubbly  in  places.  The  stone  varies 
much  in  hardness,  some  of  it  being  very  hard  and  some  soft  and 
friable.  The  colour  is  drab  when  first  quarried,  but  it  soon  tunas 
white  on  exposure  to  the  air.  It  contains  silicc^ous,  micaceous, 
and  calcareous  constituents,  but  glauconite  is  not  conspicuous. 
The  tirestone  proper  may  be  18  feet  in  thickness,  ana  it  dies 
out  below  in  a  nod  of  sandstone  which  weathers  grey  and 
contains  a  layer  of  brownish  c^lcmrcous  nodules  at  the  base.  The 
dip  of  the  Firestone  is  2U''  in  a  direction  about  7*"  east  of  north." 

below  this,  and  in  continuous  succession,  Mr.  Hawkins  saw 
a  long  series  of  sandy  marls,  the  particulars  of  which  are  given 
below,  but  we  briefly  repeat  the  beds  above  described  so  that  the 
reader  may  have  the  complete  vertical  section  before  him  : — 

Section  seen  at  Brockham  Quarry  in  1879. 

Feet, 

I  Green  marly  sand. 

Olive-^^reen  sand 12 

Hard  saiKlstono ?  0 J 

(jri-eenish-grey  sand  and  Hand.stono     -        -        -        -  4 

{Hearthstone  worked  by  tunnelling,  alx)ut          -        -  8 

FireHtone  seen  at  the  outcrop 18 

briahlc  green  sandstone 2 
Drab-coloured    sandy    marl,    containing    scattered 

masses  of  hard  stone  like  the  firestone,  about        -  6 

Grey  marl  with  very  little  stone        -        .        .        -  3 

Hard  ruhbly  and  marly  stone 6 

Hard  marl  and  marly  stone,  from  10  to     -        •        -  12 

Softer  clayey  marl 6 

Sandy  marl  indurated  in  places         .        -        -        -  e 
Indumted  marl,  becoming  harder  and  more  massive 

in  the  lower  part 12 

!  Sandy  marl,  nuich.  indurated  in  the  middle  part  from 
I      12  to  30  feet  down  and  mth  a  layer  of  hard  eione 

'^     at  the  hiiyii 36 

Gault,       Marly  clay  jxassing  into  sandy  clay    •       •       •       •  6 


Sandy  marls 

and  marly 

stone,  82  feet. 
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Mr.  Hawkins  considers  that  the  sandy  marls  down  to  the 
lowest  layer  of  stone  should  be  classed  as  upper  Greensand,  and 
he  has  adopted  this  view  in  drawing  the  line  tor  the  base  of  the 
Upper  Greensand  in  Hampshire.  We  neither  endorse  nor  differ 
from  this  view,  for  a  glance  at  the  diagram,  Fig.  51,  will  show 
that  the  base  of  the  Upper  Greensand  continually  changes  its 
stratigraphical  horizon  and  descends  to  lower  and  lower  levels 
as  the  observer  passes  from  east  to  west 

Thf3  following  notes  are  c»ontril)Ut<3(l  by  Mr.  Hill  from  observa- 
tions made  in  1896  : — 

The  exposures  seen  by  Mr.  Hawkins  at  Brockham  are  not  now 
visible,  but  the  base  of  the  Upper  Greensiind  is  seen  in  the 
cutting  of  a  tram-road,  while  the  top  of  the  Gault  is  seen  in  a 
ijlay-pit  just  below,  the  actual  junction  being  unfortunately 
hidden.  The  lowest  bed  of  the  Upper  Greensand  was  a  sott 
silty  marl  of  a  grey-brown  or  drab  colour,  while  the  uppermost 
bed  of  the  Gaiiit,  seen  a  few  yards  further  on,  is  a  rather  sandy 
clay  almost  of  the  same  tint.  Clay  of  similar  character  was 
exposed  at  the  top  of  the  clay-pit,  where  the  continuing  section 
was  as  follows : — 

Ft.  in. 
Grey  rather  sandy  or  silty  clay  much  stained  with  rusty 

colour  in  the  jointings  at  its  base         -        -        -        -        15    0 
Blue-gi-ey  clay,  the  colour  rapidly  deejiening  to  a  dark 

bluish  grey -        -         12    0 

There  were  no  fossils  of  any  kind  in  this  Gault. 

A  cutting  for  railway-purposc^s  at  Betc^h worth  Station  showed 
the  following  section  of  the  Upper  Greensand  below  the 
Firestone: — 

Ft.  in. 

Soil  and  rubble 2  0 

Firm  rather  silty  than  sandy  marl 6  0 

An  irregidar  layerof  hard  concretionary  (?siliceous)  masses, 

iron-stained  exteriorly 0  9 

Greyish,  rathev  soft  silty  marl  with  irregular  layers  of 

hard  concretionary  stone,  Ammonites  nurituH       -        -  7  9 

Finn  grey  glauconitic  silty  marl  without  hard  masses      -  10  0 

m    6 

The  silty  marl  weathers  into  knobs  about  the  size  of  a  large 
walnut  with  a  curious  conchoidal  fracture.  Further  east  another 
hard  bed  is  seen  coming  in.  Topley^  gives  a  section  of  the  upper 
part  of  the  Greensand  near  Betchworth  Station  a  little  south- 
east of  Hill  (  (  Holmes)  Farm,  which  runs  thus  : — 

Ft.  in. 

Gravel  made  up  of  Hints  and  chalk 3    0 

Soft  calcareous  sand  with  much  green  matter   -         -        -       12    0 
Heiirthstone       -        -        -        -        -        -        -        -        -110 

Firestone 120 


Geology  of  the  Weald,  p.  154. 
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A  section  in  a  small  quarry  {  mile  west  of  Puttenliam  dc^eite 

recording;    it    is    probably    above    the    main    mass    of   the 

Malmstone : — 

Ft  in. 
Firm  marly  liglit  grey  rock,  A  vinda  ffn/pkceoideSy  Pseudo- 

diadema  Benetticey  and  Cm-diastet'  fossan'n^  (V     -        '  ^    ^ 

Very  hard  yellowish-grey  glauconitic  rock         -        -        -  1    6 

A  seam  of  dark  grey  clayey  marl       -        *        -        -        -  0    2 

Boftish  grey  calcareous  rock,  Fecten  orbicularis        -        •  0    6 

Very  hard  yellowiah-grey  rock  -        -        -        -       •       -  18 

7    4 

Between  Puttenham  and  Famham  a  quarry  J  mile  N.N.W.  ot 

Shoelands  Farm  ^ave  the  following  section,  interesting  because  it 

seems  the  first  in  proceeding    from   east  to  west  where  the 

Greensand  begins  to  put  on  the  light-coloured  chalky  aspect  of 

the  Hampshire  Malm : — 

Ft  in. 

Soil  and  rubble -        -        16 

Pale  grey  micaceous  and  glauconitic  rock  in  massive  beds  -^ 

(Malmstone^ -        -        *        -        6    0 

Pale  grey  marl,  soft,  sandy,  glauconitic  and  micaceous     -        2    6 
Sandy,  micaceous,  slightly  glauconitic  rock  in  massive 

blocks  ^Malmstone) 6 

Marly  rock  weathering  in  platy  pieces       .        *        *  10 

Exceedingly  hard  grey  rocK,  sandy,  glauconitic  and  mica- 
ceous, in  massive  angular  blocks    -        -        -     seen  for        8    0 

25    6 

The  lowest  bed  was  being  quarried  for  building-purposes*  The 
blocks  are  pale  grey  extenony,  but  when  split  disclose  a  central 
part  of  slaty  grey,    rfo  fossils  were  seen. 


CHAPTER  Vlt 

GaULT  and  upper  GREENSAND  (SELBGRNIAN) 

IN  HAMPSHIRE. 

General  Descripiion. 

On  the  borders  of  Surrey  and  Hants  the  dip  of  the  strata  ib 
N.N.W.,  but  this  gradually  changes  to  a  westerly  dip,  so  that 
near  Alton  the  Gault  and  Greensand  are  dipping  westward 
beneath  a  range  of  Chalk  Hills  that  strike  from  north  to  south. 
The  incUnation,  however,  is  slight,  so  that  in  the  valley  of  the 
Wey  and  around  Binsted  the  Selbomian  clays,  marls,  and  sand- 
stones occupy  a  considerable  area  of  groimd. 

As  a  consequence  of  the  low  angle  of  dip  and  of  the  greater 
development  of  siliceous  rock  in  the  higher  part  of  the  formation, 
the  physical  features  presented  by  the  malmstone  area  contrast 
strikmgly  with  those  of  the  area  occupied  by  the  marls  and  clays. 
The  malmstone  tract  forms  a  broad  terrace  between  the  slopes 
of  the  Chalk  on  the  west  and  the  still  lower  clay  lands  of  the 
Gault  on  the  east ;  the  soil  of  this  terrace  is  dry  and  fertile ;  it 
is  furrowed  by  deep  valleys  and  runs  out  into  broad  plateaus  ter- 
minating in  steep  escarpments,  at  the  foot  of  which  strong  springs 
break  out.  The  Gault  plains  below  have  a  heavy  soil  except 
where  this  is  covered  by  a  gravelly  deposit  consisting  of  cherts 
and  flints,  the  insoluble  remnants  of  the  Greensand  and  Chalk 
which  once  extended  over  them.  In  early  times  they  formed 
part  of  the  dense  forest  area  of  the  Weald. 

Of  the  Gault  Sir  R.  I.  Murchison  says  "  its  line  is  marked  by 
the  most  fertile  water-meadows  and  the  finest  forest  timber ;  thus 
presenting  a  green  belt  which  clearly  defines  and  distinguishes 
It  from  the  rich  wheat  land  of  the  malm  rock  above  and  the  arid 
expanse  of  the  Lower  Greensand  below."  ^ 

In  Hampshire,  then,  the  natural  division  of  the  Selbornian  into 
Gault  and  Malmstone  is  specially  obvious ;  but  though  it  is  quite 
right  that  this  should  be  recognised  and  that  the  two  different 
rock-materials  should  receive  different  colours  on  a  geological 
map,  it  is  wrong  to  class  them  as  separate  and  distinct  stages, 
because  such  an  arrangement  is  not  confirmed  by  fossil  evidence. 
The  fossils  of  the  malmstone  are  substantially  those  of  the  Upper 
Gault  of  Folkestone,  and  hence  we  regard  the  malm  as  merely 
a  lenticular  development  of  stone  in  the  zone  of  Amtnonitea 
Tostratus  (see  ante,  p.  93). 

As  regards  the  lower  Umit  of  the  Gault  we  have  Uttle 
information.  So  far  as  we  can  ascertain  Ammonites  Tnavi- 
unillatua  has  only  been  obtained  from  one  locality  in  Hampsliire 


*  Trans.  Geol.  See,  Ser.  2,  Vol.  ii.  p.  100. 
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(ncAr  Alton),  and  tho  character  of  the  l)e(ls  at  the  bas©  of  the 
(jfault  sicenis  to  vary  considerably.  In  some  places  it  consists 
of  green  sandy  clay  with  phospnatic  nodules,  and  in  a  section 
recorded  by  Mr.  Topley  this  passes  down  into  a  brownish  sand 
with  pebbles ;  but  there  are  also  places  where  a  rapid  change 
occurs  from  yellow  Siind  to  clay  without  the  occurrence  of  any 
greensand,  phosphates,  or  pebbles,  and  in  these  places  the  zone 
of  Am.  )uammiU<itiis  may  be  absent. 

We  have  no  doubt  that  the  zone  of  Am.  Interruptus  is 
continuous  through  the  county,  but  so  far  as  we  iran  learn  that 
species  has. only  yet  Ixjcn  recorded  from  Alice  Holt  forest,^  and 
from  the  railway  cutting  north-west  of  Alton.*  We  have 
likewise  no  doubt  that  part  of  the  Gault  of  Hants  belong*  to 
the  zone  of  Ainvtonites  roslrohifi^  for  that  fossil  occurs  in  its 
upper  beds  at  Bradshott,  near  Selborne  {str  p.  JOG). 

The  highest  part  of  what  has  been  mapped  as  Gault  is  a 
fine  mi(jaceous  siindy  marl,  and  this  |)asse4!i  up  into  the  malm- 
stone.  The  lower  part  of  this  is  a  soft  grey  or  butf  friable 
stone,  but  the  higher  part  contains  beds  ot  massive  freestone, 
so  white  and  chalk-like  that  it  might  easily  be  mistaken. for 
Chalk  unless  closely  examined.  In  this  malmstone  Jr/imont^€« 
vosiviiiaH  is  not  uncommon.  In  its  up{X)r  part  la^^'ers  and 
lenticular  lumps  of  hard  siliceous  cherty  stone  occur,  sometimes 
forming  regular  courses  of  hard  rock  (locjilly  called  "  ragstonc"). 

Gilbert  \Vhite  of  S(jlborn(;  was  the  first  to  give  a  description  of  the 
Hampshire  malmstone ;  he  calls  it  freest^)ne  or  white  malm,  and 
says  (in  Letter  1V\),  "This  stone  is  in  great  retiuest  for  hearth- 
stones, and  the  bt^Ls  of  ovens,  and  in  lining  of  hmekilns  it  turns 

to  good  account When  (chiselled  smooth  it  nuikes 

elegant  fronts  for  houses.  .  .  .  Jl  is  a  freestone  cutting  in  all 
directions,  yet  it  has  something  of  a  grain  parallel  with  th^ 
horizon,  and  therefore  should  not  Ixi  surbedded,  but  laid  in  the 
same  position  that  it  grows  in  Uie  quarry."  He  also  remarks,  in 
Letter  11 L,  "  In  the  very  thickest  straUi  of  our  freestone  and  &t 
consideral)le  depths  well-diggers  often  find  large  scallops,  ^r 
pecfincs,  having  both  shells  deeply  striated  and  ridged  and 
furrowed  alternately."  It  would  l)c  interesting  to  learn  whether 
these  Pn'fciift  were  P.  (iRpcr  or  P.  Bcuveri. 

With  respecit  to  the  up})er  limit  of  the  Greensand  the  summit 
is  clearly  marked  in  the  northern  jmrt  of  the  county,  whei*e 
a  glauconitic  marl  rests  directly  on  a  non-glauconitic  silty  marl 
Ixilonging  to  the  Malmstone  group.  This  succes.sion  was 
described  by  Mr.  Bristow  in  the  Geological  Survey  Explanation 
of  Sheet  12,  and  was  quoted  l)y  Mr.  Topley  in  his  Memoir  on  the 
Geology  of  the  Weald  (187('i,  p.  15()).  'We  consider  that  Mr. 
Bristow  was  right  in  regarding  the  glauconitic  bed  as  "  Ohloritic 
Marl,"  and  not  Upper  Gn^ensand ;  in  other  words  it  may  be 
taken  as  the  base  of  the  Chalk  Marl. 
South  of  Alton,  however,  a  bed  of  bright  gree^n  sand  comes  in 

'  Ky  Alunhisoii  as  AtnthmutiA  (hutaiux  in  Traim.  Geol.  Soc.,  »Ser.  2,  Vol.  ii 
p.  100(1^^2^)). 
-  By  Mr.  Etheridge  in  Mem.  Geol.  Surv.,  Bh.  12. 
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between  the  Chloritic  Marl  and  the  rnalmstone,  and  this  wo 
Ihiuk  is  rightly  referred  to  the  Upper  Greensand.  The  question 
then  arises  whether  this  bed  of  greensand  belongs  to  the  zone  of 
Ainmonites  roatratiLS  or  to  that  of  Pecten  asper.  Dr.  Barrels 
referred  it  to  the  latter,^  but  he  did  not  record  any  fossils  from  it, 
and  we. feel  very  doubtful  whether  it  ciin  be  regarded  as  repre- 
senting the  highest  part  of  the  Greensand  in  Wiltshire  or  the 
Isle  of  Wight. 

The  geology  of  this  part  of  Hampshire  has  been  neglected  since 
the  early  jmrt  of  the  century,  and  more  careful  collecting  of  the 
fossils  is  recjuired  before  any  positive  opinion  can  be  expressed 
with  regard  to  these  highest  beds.  Mr.  W.  Curtis  of  Alton  was  a 
diligent  collector  of  local  fossils  from  about  1840  to  1860,  and  his 
specimens  are  now  in  the  Curtis  Museum  at  Alton.  His  collec- 
tion of  Malmstone  fossils  includes  a  fine  example  of  Pecten  a^per, 
though  whether  this  was  found  in  association  with  Am.  rostratua 
is  not  recorded.  Inasmuch  as  Pecten  asper  has  been  found 
occasionally  in  the  zone  of  Ainmonite^  rostratus  in  France  we 
are  not  disposed  to  attach  much  importance  to  the  occurrence  of 
a  single  specimen  in  Hampshire. 

W^  doubt  therefore  whether  any  part  of  the  Malmstone  can 
be  regained  as  the  equivalent  of  the  Chert  Be<ls  of  more  western 
localities,  and  with  respect  to  the  overl3nnj'  micaceous  greensand 
we  can  only  say  that  it  does  not  resemble  the  sharp  cjuartzose 
greensand  which  generally  overlies  those  beds  in  Wiltshire.  The 
succession  in  this  part  of  Hampshire  is  in  fact  similar  to  that  in 
Surrey. 

In  the  north-west  of  Hampshire,  however,  between  Kingsclere 
and  Burghclere,  there  is  an  inlier  of  Selbornian  Beds  which 
approximate  to  the  Wiltsliire  type  and  include  greenish  sands 
with  Pecten  asper.  It  is  evident,  then,  that  this  zone  comes  in 
between  Farnham  and  Kingsclere. 

With  respect  to  the  thickness  of  this  stage  in  Hants  the 
evidence  that  is  available  points  to  its  being  great,  but  does  not 
allow  us  to  give  a  definite  estimate. 

Both  Gault  and  Greetisand  boundaries  have  been  mapped  by 
Mr.  Hawkins,  and  the  relative  levels  at  different  places  show  that 
the  thickness  of  the  Gault  cannot  be  less  than  1 00  feet,  but  is  not 
likely  to  be  much  more  if  the  sandy  marls  with  occasional  layers 
of  stone  are  included  in  the  Malmstone. 

East  of.Selborne,  at  Temple  Farm,  and  again  to  the  north-east 
at  Candover  Farm,  there  are  ridges  of  malmstone  which  rise  to  a 
height  of  170  feet  above  the  line  drawn  for  the  base  of  this 
division  and  do  not  reach  its  top. 

From  this  evidence,  therefore,  it  would  appear  tliat  the  total 
thickness  of  Gault  clays,  sandy  marls  and  mflilmstone,  is  not  less 
than  280  feet  near  Sel  borne. 

There  is  some  confirmation  of  this  in  a  boring  made  many  years 
ago  at  Ashdell  in  Alton  which  was  carried  through  the  Lower 
(Jnalk,   Malmstone,  and  Gault  to  the  Lower  Greensand.     The 


^Eecherches  but  le  Terr.  Cret.  Sup.  1876,  p.  36. 
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Gault  is  given  as  150  feet  and  the  Mal'mstone  as  80,  but  it  10 

Eobable  tkat  another  50  or  60  feet  should  be  assigned  to  the 
tter. 

It  may  be  mentioned  that  Sir  R.  I.  Mittchison  observed  that 
Wells  dug  in  the  Malmstone  vary  from  60  to  100  feet  in  depth ;  ^ 
also  that  Mr.  Topley  estimated  the  thickness  of  the  rock  near 
Petersfield  to  be  80  feet  and  that  of  the  Gault  at  100  feet.' 


Stratigraphical  Details. 
Gaull 

"  The  ground  occupied  by  the  Gault  is  for  the  most  part  flat, 
but  rises  somewhat  toward  the  escarpment  of  the  Upper  Green- 
sand,  where  the  slope  thus  made  is  covered  with  fallen  masses  of 
the  higher  formation.  It  is  still  a  good  deal  covered  with  oak» 
for  which  in  former  times  it  was  celebrated."  * 

Little  is  yet  known  about  the  Gault  ot  Hampshire,  for  there 
are  not  many  brickyards,  and  those  we  have  seen  have  but  shallow 
excavations.  The  lower  part  is  a  stiff  blue  clay,  but  the  higher 
beds  are  marly  and  silty,  passing  gradually  into  silty  malm. 

Mr.  Hawkins  saw  the  junction-beds  at  Cradle  Lane,  J  mile 
south-west  of  Holt  Hatch  Farm,  some  three  miles  south-west  of 
Famham,  and  ho  describes  them  as  "  the  green  sandy  beds." 

The  following  fossils  are  recorded  in  tne  Geological  Survey 
Memoir  on  Sheet  12  (1862)  as  having  been  found  in  the  railway 
cutting  which  traverses  the  Gault  north-east  of  Alton : — 

Ammonites  interruptus.  Area. 

„         lautus.  Pentracrinos. 

„         mammillatus.  Serpula. 

,,         tuberculatus.  Lamna. 
InoceramuB  concentricus. 

In  the  brickyard  at  Bradshott,  about  two  miles  south-east  of 
Selbome,  and  trom  15  to  20  feet  below  the  base  of  the  malmstone, 
the  following  section  was  seen  by  Mr.  W.  Hill  in  1897 : — 

Ft  in. 
Clayey  soil 3    0 

Bluish  grey  clay  mottled  with  brown  -  -  -  *  S  0 
Bluish  grey  clay  with  hard  stony  phosphatic  (?)  nodules 

("  stone  ")  (Am,  rostratui) 2    6 

Bluish  grev  clay,  passing  rapidly  down  to  very  tough 

brown  clay,  Jnoc.  sulcatus,  JSucula  2^€ctinata^  Den- 

ialium  $]k 16 

Tough  brown  clay  with  Inoc,  sulcatus  in  a  marked 

layer,  Am. 7—8    0 

17    0 

*  Trans,  Geol.  Soc.  Ser.  2,  Vol.  ii.  p.  99. 

^  Geology  of  the  Weald.    Diagram  on  Plate  IV. 

*  F.  Drew,  quoted  by  Mr.  Bristow  in  the  Geol.  Survey  Memoir  on  Sh.  12, 
p.  4  (1862)« 
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This  fiection  appears  to  be  entirely  in  Uppet  Gatilt  The 
Ibssib  here  were  plentifiil,  but  all  were  in  soft  clay  and  difficult 
to  preserve ;  there  were  none  of  the  hard  phosphatised  casts  so 
common  in  the  clay  pits  along  the  base  of  the  North  Downs. 

Topley  ^  gives  the  following  section  of  the  basement  beds  of  the 
Gtault  at  the  southern  corner  of  Steep  Common  ; — 


5.  Green  sandy  clay        .        .       .        .        - 

4.  Green  sandy  clay  with  phosphatic  nodules  - 

Uault      -j  3   BrQ'i^  a^^j  green  sand  with  large  pebbles 

and  at  one  place  phosphatic  nodules  at 
base 

Folkestone  (2.  White  sand  with  laminae  of  clay 


{I 


Beds       \i.  White  sand 


Ft 

in. 

2 

0 

1 

0 

2 

0 

6 

0 

10 

0 

We  incline  to  regard  bed  3  as  the  base  of  the  Gault,  and  it 
may  possibly  represent  the  zone  of  Am.  mammillatua,  Topley 
says  "it  is  uncertain  how  far  to  the  west  the  phosphatic  nodules 
continue  (op.  cit  p.  150). 

In  1897  the  base  of  the  Gault  was  seen  in  a  field  just  south  of 
the  main  road  between  the  Seven  Stars  Inn  and  Stroud  Farm 
about  IJ  miles  west  of  Peterstield ;  here  there  was  a  passage  in 
about  2|  feet  from  sharp  yellow  sand  to  stiff  blue  clay ;  there  was 
no  greensand,  pebbles,  or  phosphatic  nodules;  this  exposure 
cannot  be  more  than  IJ  or  2  miles  west  of  that  recorded  by 
Mr.  Topley.  Some  300  yards  west  of  the  Seven  Stars  Inn  is 
a  brickyard  with  shallow  workings  in  stiff  blue  clay :  no  fossils 
were  found.  ^  ^ 


Upper  Ctreensand  (Malm0tone)< 

Messm.  Paine  and  Way  were  the  first  to  describe  the  special 
mineral  characters  and  chemical  composition  of  the  malmstone 
near  Famham.^  Even  when  they  first  wrote  the  lower  part  of 
the  stone  was  dug  for  use  as  a  kind  of  manure,  and  on  analysing 
a  sample  of  this  lower  part  they  foimd  that  it  contained  no  less 
than  46  per  cent,  of  soluble  silica.  They  subsequently  investi- 
gated the  higher  parts  of  the  formation,  and  had  two  long 
trenches  dug  across  the  outcrop  on  Mr.  Paine's  own  farm,  and 
one  of  these  was  carried  from  the  outcrop  of  the  Chloritic  Marl 
to  the  beds  which  pass  into  Gault.    The  account  given  of  the 


>The  Geology  of  the  Weald,  p.  142. 

■  See  JoUm.  Roy.  Agric*  Soc.,  Vol.  xii.  p.  549,  and  Vol  xiv.  p.  225. 
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bods  tra versed  by  this  trench  is  as  follows,  but.  reversed  so  as  to 
be  in  descending  order : — 

Section  on  '* Deans  Farm*'  from  N,W  to  S.E. 


No. 


Character  of  Rock. 


Soluble 
Silica. 


Carbonate 
of  Lime. 


49 
48 
76 

36 
37 

78 
39 
73 
72 

71 
19 
36 
37 
40 
41 
22 
12 
42 
76 
IS 


Green  marl. 

Thin  flaky  stone       -        -        -        -        - 

Rotten  stone     ------ 

White  building-stone,  or  firestone,  20  feet 

thick      ------- 

Blue  building-limestone    -        -        -        - 

Rubblv  rock,  rather  soft   -        .        -        - 
Do.  do,         -        -        -        - 

Brittle  rubbly  rock  below  39     - 
Hard  comjtact  light  rock  10  feet  thick 
Hard  layer  of  rock  below  72     -        -        - 
Very  soft  stratum,  like  marl,  4  feet  thick, 

lying  between  71  and  72        -        -        - 
Hard  and  rather  cherty  looking 

Hard  like  22 

Conniact  rather  hard  rock 
Soft  light  crumbling  rock 

Do.  do.  -        -        .        - 

Soft  rock  like  12  in  texture 
Hard,  but  very  light  an<l  iwirous 
S<jfter  rock,  crumbling  on  exi»osure  - 
Much  like  12    - 

Soft  rock  which  readily  crumbles  into  dust 
NeAr  the  gault,  approaching  a  clay  - 


I 


13*26 
4075 

56*62 
8*20 
47*55 
40*56 
5ft*52 
72* 
58*45 

43*94 
66*75 
58*67 
47*55 
40*56 
43*73 
41*73 
88*88 
37*01 
27*81 
16*03' 
2*34 


62-22 
20*86 


74*96 


Messrs.  Paine  and  Way  considered  that  the  vertical  <lej)th  of  the  rock  from 
No.  42  to  48  inclusive  was  about  100  feet  thick,  and  they  mention  a  marl- 
pit  in  Crondall  Lane  which  showed  a  vertical  <lepth  of  60  feet. 

The  lower  mrt  is  of  a  soft  friable  nature,  crumbling  into  ix>wder  on 
exposure  to  tne  weather.  Tie  de])th  of  this  is  from  30  tf>  40  feet ;  it 
contains  from  25  to  40  i»er  cent,  of  solul>le  silica  and  is  destitute  of  calcic 
carbonate.  Ascending  from  this,  the  ro<;k  l)ccomes  more  compact, 
and  ccmtains  a  larger  |>ercentage  of  the  silica,  the  amount  varying  from 
40  to  over  70  i>er  cent.,  but  in  this  there  is  ofteii  a  very  soft  silty  stratum, 
three  or  four  feet  thick.  The  higher  part  is  a  white  siliceous  rock  containing 
from  50  to  (JO  per  cent,  of  solul>le  silica  and  fonning  an  excellent  building- 
8t^)ne  \  this  they  call  firestouc,  and  say  it  usually  contains  one  and 
sometmies  two  beds  of  blue  limestone  (see  section,  No.  77).  The  highest 
beds  contain  much  less  silicii  and  much  carbonate  of  lime. 

They  believe  that  this  description  *Vwill  generally  apply  to  the  district 
between  Farnham  and  Peterslield,  though  the  strata  and  their  sub- 
divisions will  vary  consideraiily  in  thickness."    {Op^cit.  p.  234.) 


The  following  ^'illages  stand  bn  the  Malmstone :  Binsted^ 
Worldhani,  Hartley,  Sell)orne,  Enipshot,  Hawkley,  Langrish, 
and  Biiriton. 

Mr.  Hill  visited  Farnham  in  1897  and  saw  the  malmstone 
in  several  places  in  road-cuttings  immediately  west  and  west- 
north-west  of  the  town,   but    quarries  which   existed  in  fields 


Ft. 

in. 

3 

6 

2 

0 

2 

6 

0 

9 

1 

6 

1 

3 

3 

0 

1 

3 

6 

6 

1 

0 
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and  hop-gardens  in  this  locality  are  now  disiLsed,  and  in  some 
instances  filled  in,  and  the  ground  cultivated.  A  good  section  in 
the  upper  part  of  this  formation  occurs  about  J  mile  south  of 
Dippennall  Farm,  about  \\  miles  west  of  Farnham.  The 
beds  exposed  in  1897  were  as  follow : — 

Soil  and  rubble       -------- 

Brownish  grey,  sandv,  softish  stone,  flaggy,  drying  much 

lighter  colour,  with  dogger-like  siliceous  concretioiis  - 
Soft  grey  sandy  rock,  dries  whiter  -  -  -  -  - 
line  of  doggers  in  soft  sandy  rock,  \\dth  blue  cherty 

interior        -..------ 

Rather  soft  silty  grey-brown  stone  -        -        -        - 

Hard  grey-hrown  calcareo-siliceous  rock,  not  all  of  the 

same  character,  appeared  to  become  more  crystalline 

in  huge  do*;ger-like  masses,  bluish  grey  interiorly  and 

extremely  hard  ;  this  l)ed  was  distinctly  thicker  at  the 

east  end  of  the  quarry 46 

Soft  greyish    white    rock    with   a   few   concretionary 

masses         -- 16 

Hard  siliceous  concretions  in  soft  grejdsh  white  silty 

rock"-*    -  --      -        -■       -        -        -        .        - 
Soft  grey  sandy  rather  ^lauconitic  silty  rock 
Rather  rough  grey  siliceous  rock,  light  in  the  hand, 

with  irregular  cavities  full  of  soft  sandy  material 
Massive  grey  siliceous  rock,  light  in  the  hand 
Grey  sandy  rock  seen  for 

29    6 

The  massive  bed,  4 J  ft.  in  the  middle  of  the  section  is  used  for  building. 
The  lowest,  6 J  f *.,  is  sent  to  London  for  manufacturing  purposes. 

At  Highcom  Farm,  about  \\  miles  west-south-west  of  the  last 
section,  Mr.  Hill  found  another  quarry  at  about  the  same 
horizon,  perhaps  a  little  lower,  showing  the  following  strata : — 

Ft.  in. 

Soil  and  rubble       -        - -    2  0 

Greyish  white,  blocky  siliceous  rock,  rather  hard,  with 

dogger- like  concretionary  masses         -        -        -        -    5  6 

A  course  of  rough  lumpy  rock 10 

Soft  sandy  silt        - -        -    2  6 

Massively  bedded  micaceous  rather  hard  whitish-grey 
rock,  with  large  concretionary  masses,  almost  chert  in 

their  centres,  seen  for 10  0 

21    0 

By  the  side  of  the  main  road  from  Farnham  to  Alton,  about 
250  yards  short  of  the  turning  to  Froyle,  is  another  quarry  which 
shows  10  or  12  feet  of  pale  grey  malm  in  alternate  courses  of 
harder  and  softer  rock 

The  pale  grey  malm  rock  is  well  exposed  in  two  small  roadside 
quarries  at  tlie  eastern  end  of  the  village  of  Binsted,  and  tho  road- 
cutting  leading  due  south  from  tms  place  exhibits  a  long 
continuous  section  of  the  lower  part  of  the  malm.  It  is  here  a 
fairly  homogeneous  pale  ctov,  almost  white  rock,  containing 
harder  lump  and  masaes  whicu  split  with  a  conchoidal  fracture 
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under  the  influence  of  the  weather.  Still  further  westward  road- 
cuttings  near  Milt  Court  and  Worldham  show  small  and 
unimportant  sections  in  malm  rock. 

Writing  of  the  malmstone  of  Selbome,  Dr.  Hinde  says,^  "  The 
malm  rock  is  well  shown  in  the  quarries  at  this  village,  where 
a  section  of  15  feet  is  exposed ;  also  in  road  cuttings.  .  .  . 
It  is  of  a  much  harder  and  more  compact  character  than  at  Fam- 
ham,  and  contains  a  fair  proportion  of  calcite,  which  renders  it 
more  suitable  as  a  building  material" 

Probably,  however,  the  calciferous  malmstone  at  Selbome  is 
only  a  portion  of  the  mass,  for  Messrs,  Paine  and  Way  analysed 
three  samples  taken  from  land  belonring  to  Sir  A.  K.  Macdonald 
aK  Selbome,  and  only  one  contained  carbonate  of  lime.  Their 
results  were  as  follows : — 


No. 

Eemarks. 

Silica. 

Carb.oflime. 

1 

2 
3 

A  light  yellow  rock,  similar  to  No.  73. 
White  rock  analogous  in  position  to 

No.  39. 
Resembling  No.  31       -        -        -        - 

46-41 
65-68 

26-80 

13-30 

The  No.  31  referred  to  was  "a  hard  rock  with  blue  marks 
about  3  feet  thick,"  from  Dippen  Hall  Farm,  Farnham,  containing 
28  per  cent,  of  carbonate  ot  lime,  and  the  only  specimen  from 
the  middle  beds  of  Farnham  in  which  a  large  quantity  of  calcic 
carbonate  was  found. 

Mr.  Bristow  observed  "  beyond  Norton  Farm,  at  the  intersection 
of  the  lanes,  the  malm  rock  makes  its  appearance  in  the  hollow 
roadway  and  watercourse,  with  a  bed  of  hard,  cherty  blue  ragstone, 
about  a"  foot  thick,  dipping  20**  south  of  west  at  an  angle  of  6"."  * 

At  Hawkloy  the  malmstone  can  be  seen  in  the  roadway 
leading  to  Scotland  Farm,  and  it  is  just  to  the  north  of  this 
farm  that  the  great  landslip  took  place  which  was  so  fully 
described  by  Gilbert  White  ^  of  Selbome. 

There  is  a  small  pit  in  malm  rock  half  a  mile  north  of 
Stroud,  and  the  rock  is  again  seen  in  the  lanes  near  Langrish. 
Dr.  Barrois  has  remarked  * :  "  Toward  Langrish  we  come  on  to  the 
zone  of  Am.  inflatu^.  It  is  a  grey  stone,  sandy,  light  and 
micaceous,  containing  parts  that  are  bluish  and  siliceous  [  ?  beds 
of  bluish  rag].  The  village  of  Langrish,  which  stands  on  this 
rock,  is  just  like  a  village  m  Argonne,  with  its  many  woods  and 
deep  ravines  on  every  side."  In  his  tabular  resiiine  he  calls  it 
"  the  ga  ize  de  Langrish,"  thus  comparing  it  with  the  gaize  de 
r Argonne.     He  found  many  six^cimens  oi  Ammonites  rostratua 


^  On  Beds  of  Si)onge  Remains,  Phil.  Trans.  188.5,  p.  416. 

-  Explanation  of  Sheet  1^,  P-  1^^- 

^  Letter  87.    Keprinted  in  Topley's  Geology  of  the  Weald,  p.  318. 

*  Uecherchcs  sur  le  Terrain  Cretace  Superieur,  p.  36,  1876. 
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(var.  itiflittus)  and  Pecten  orbiciihifis 
(var.  Utminosits).  The  thickoess  he 
puts  at  25  metres  (about  80  feet).  | 

So  fiir  as  we  can  learn,   the  only  J 

collection  of  fossils  from  the    Malm-  J. 

stone    of    Hampshire    is   that   in   the  n 

Curtis   Museum   at  Alton,  and   a   list  3 

of  those    was   given  in  a  memoir  of  1 

the    Geological    Survey  published    in  £ 

1862.'     It  wa^  seen,  however,  that  the  ,    . 

names  in  this  list  required  revision,  and 
it  was  felt   that  the  collection   should 
be  examined  a^ain.    Through  the  kind- 
ness of  Dr.  W.  Curtis  this  has  been 
accomplished,    all    but    some    of   the 
lai^r  Ammonites  having  been  sent  to     ^ 
me  for  examination,  and  the  following     | 
list  is  the  result.     Dr.   Curtis  informs    s 
me  that  the  specimens  were  obtained    "^ 
from  Froyle,  Biusted,  East  Worldfaam,     g  i 

and  Selbome.  ^  ^ 


Vtrlebrata. 
Enchodua. 

Lamna  appendiculata,  A(f. 
Protosphynena  feros,  Leidij. 

Cephalopoda. 
Ammonites  auritus,  var.  catillua,  Soie. 
(seep.       ). 
„    Mantelfi,  Sow.  (var.). 
„    roatratus,  Sow. 
Anifioceraa  armatus,  Sow. 
Belemnites  miQiniUB,  Litter. 
Nautilus  elegans,  Soio. 
„        sp.  (smooth). 

G<uteroj>oda. 
Pleurotomaria  perspecUva  1,  Mant. 

„  ap. 

Solarium  moailiferum  1,  Mick. 
ffatica  Geoti,  ^ow  (=gaultiaa). 

Lamellihranckia  ta. 
Avicula  gryph^oides,  Sow. 
Cardita  ep. 

Ouculliea  carinatt^jSojo. 
„        glabra,  Park. 
Inoceramus  conceatricua  ?,  Park. 
Isoarca  Agaseizi },  P.  &  R. 
Lima  globOHa,  Sow. 

„     prallela  1,  iFOrb. 
Modiola  reversa,  Sow. 

'  Geology  of  larU  Of  Berkshire  and  H*mp- 
fihire.    Explanation  of  Sheet  12,  p.  11. 
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La  mellUn'tt  vrh  iatu  — ron  f. 

Ostrea  vcsiculosji,  Souk  Pecten  (Xeithea)  4-co«tata,  Sow, 
„      vesicularis,  Sow.  „  „      5-cc)9tata,  Sow. 

Peoten  asi)er,  Lam.  Pinna  tegulata  ?,  Efh. 

„      elongatus,  Lam.  Plicatula  pectinoides,  Sow. 

„      orbicularis  Sow.  S[x)ndyliis  gihbosus  ?,  dOrb. 

Brarhioftoda. 
Lingula  subovalis,  Da  v.  Terebratiila  capillata?,  d-Atrh. 

Crustacea. 
Phlyctisonia  sp.  ?,  several  chela?  of. 

Avnefida. 
Serpula  Hp.  ?  Serpula  (Vermicularia)  concava,  Sow. 

Erhinodernva  fa. 

Holaster  hc^vis,  A<j.  (casts).  Pseiid<xii{ulenia  (casts). 

Echinospatagus  nmrchisonianus  ?,  Mant. 

The  previous  list  includes  AmDwnifes  variuna^hwi  those  so 
named  are  oiily  varieties  of  Am.  roshxUuSy  and  CardUvster 
fostfurius,  for  which  the  Eck Inospatugica  may  have  been 
mistaken :  also  the  following  species,  which  do  not  seem  to  be  in 
the  Alton  Museum,  and  could  hardlv  be  mistaken  for  other 
things  : — Bociditt's  haoidoidps  (probably  an  error),  Xatica  crettwed 
[  =  X(triva],  LifhHloniiis,  Myn  ni^mdlbahf,  Ihnrardium  rhitj" 
merievfie,  Thiifi,  and  Kj'<M/i/ra  ronlcn. 

There  are  three  sj)ecies  in  the  alx)ve  list  which  have  not  yet 
been  found  at  so  low  an  horizon  elsewhere;  these  are  Ammonites 
vi^odelli,  Peeten  f//?/>r/',  and  Paifi^  (dantjtdus.  The  Avi.  muntelli 
(two  specimens)  difter  somewhat  from  those  of  the  Chalk  Marl, 
having  fewer  and  straighter  ribs,  more  resembUng  the  forms 
found  in  the  Lower  Quadersiindstein  of  Germany,  and  figured 
by  Geinitz.  It  is  possible  that  they  may  eventually  be  dis- 
tmguished  from  the  true  A  m.  MmdeUi  and  its  variety  luivicxdAiria. 
The  Peeten  nspev  is  unquestionable,  and  it  would  be  interesting  to 
know  whether  it  came  from  a  high  or  low  horizon  in  the  great 
thickness  of  Hampshire  Malmstone.  The  Peeten  elongatus  is 
indistinguishable  from  the  lorm  found  in  the  Lower  Chalk; 
several  species  have  l)een  confused  under  this  name. 

Upper  Greensand  (Glauconitic  Sand). 

The  highest  bed  of  this  sUige  in  Hants  is  a  green  marly 
micaceous  and  glauconitic  sand.  It  may  be  said  to  set  in  first 
near  Alton,  where  a  layer  of  brown-coated  c^lcareo-siliceous 
masses  are  set  in  firm  micaceous  sandy  marl  which  cannot  here 
be  distinguished  from  the  Cliloritici  Marl.  Near  East  Meon, 
however,  there  are  8  or  9  feet  of  ^nn  micaceous  marly  sand 
below  the  layer  of  hard  concretionary  masses. 

Topley^  says,    *'The  best  section  of  the  greensand   is    that 
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exposed  in  the  lane  leading  from  Barrow  Hill  to  East  Meon- 
The  banks  for  some  distance  on  the  south  side  of  the  lane  are 
formed  of  this  bed,  and  a  good  opportunity  is  afforded  of  seeing 
its  horizontal  variations.  Generally  it  is  a  soft  and  somewhat 
clayey  greenish  sand,  but  hardening  sometimes  into  an  irregu- 
larly bedded  green  sandstone,  and  elsewhere  into  a  bed  somewhat 
resembling  l^lalm  Rock,  but  still  with  CTeen  grains.  Phosphatic 
nodules  occur,  but  are  not  very  plentiml.  The  thickness  seen  Is 
from  6  to  8  feet." 

This  section  was  seen  in  1897  by  one  of  us,  but  the  bank  had 
weathered  down,  and  the  opportimity  for  its  examination  was  not 
so  good  as  when  seen  by  Mr.  Topley.  Towards  East  Meon  the 
greensand  seemed  to  pass  down  into  a  grey  rather  soft  glauconitic 
sandy  rock.  The  junction-bed  with  the  overlying  Chalk  Marl 
was  not  visible. 

Mr.  Topley  also  says,  *'  The  whole  thickness  of  the  greensand 
may  be  seen  by  the  roadside  to  the  north-west  of  Barrow  Hill. 
The  chalk  marl  in  its  lowest  beds  contains  a  few  green  grains,  which 
increase  in  numbers  below,  the  beds  at  the  same  time  becoming 
sandy,  and  thus  pass  into  greensand.  This  is  whitish  in  its  upper 
part,  but  becomes  darker  below.  Still  lower  it  passes  as  gradually 
mto  Malm  Rock.  The  thickness  from  good  (  nalk  Man  to  good 
Malm  Rock  is  8  to  10  feet,  of  good  greensand  about  4  feet. 

The  above  section  was  looked  mr  in  1897,  but  was  missed; 
possibly  it  is  overgrown.  Dr.  Barrois,  however,  gave  an  account 
of  it  in  1876,  which  differs  somewhat  from  Mr.  Topley 's.  He  says, 
"  To  the  north  of  Barrow  Hill,  at  the  point  where  four  roads  meet, 
the  banks  are  cut  through  a  coai^se  quartzose  greensand,  in  beds 
which  alternate  with  bands  of  harder  grey  sandstone;  Pecten 
Utmino»us  is  hero  abundant.  Following  the  road  which  leads 
thence  toward  East  Meon,  the  bands  of  sandstone  are  seen  to 
become  less  frequent,  but  greensand  contiimes  till  it  is  overlain 
by  a  marly  bed  with  dark  green  grains  and  brown  phosphatic 
nodules."^  He  correctly  refers  the  last  to  the  C'hloritic  Marl,  but 
the  sands  below  he  correlates  with  the  Warminster  bed  (zone  of 
Pecien  asper). 

We  h(ive  not  been  able  to  visit  the  Kingsclere  inlier,  but  this 
appears  to  expose  a  set  of  fossiliferous  sands  similar  to  those  at 
the  top  of  the  formation  in  the  Vale  of  Wardour  and  different 
from  any  seen  along  the  main  Hampshire  outcron.  Mr.  F.  J. 
Bennett  contributes  the  following  note  on  the  beets  exposed  in 
the  cutting  north  of  Burghclere  Station.  The  cuttmg  first 
(shows  dark  compact  glauconitic  sand  with  light  ])rown  concretions, 
and  further  north  are  cherty  beds  dipping  at  5'  to  the  south. 
He  found  the  following  fossils : — 

Nautilus  elegans.  Exogyra. 

Avellana  cassis.  ?  Cucullaja  carinata  ? 

Pecten  asper.  Vennieiilaria  iimbonata. 

„      elongatus.  Holaster  laevis. 

„      orbicularis.  Discoidea  subuculus. 

„      (N^ithea)  5-costatus.  Sponge. 

Lima  globosa. 

. 1 ^  ' ' — — ■     ■  — ' 

*  Recherches  sur  lo  Terr.  Cret.  Sup.,  p.  36, 


CHAPTER  VIII. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN) 

IN  SUSSEX. 

Western  Sussex. 

We  shall  take  the  western  part  of  Sussex  separately,  and 
consider  it  to  extend  from  the  Hampshire  border,  east  of  reters- 
field,  to  the  valley  of  the  Adur,  a  distance  of  about  26  miles. 

Along  this  tract  the  Gault  forms  a  strip  of  clay-land  which  is 
often  over  a  mile  in  width,  but  the  width  of  the  malm-land  is  for 
the  most  part  much  narrower  than  in  Hariipshire,  owing  to  the 
steeper  dip.  The  general  features  of  this  line  of  country  are 
simuar  to  those  in  Hampshire,  the  Malmstone  continuing  to 
form  a  terrace  with  a  steep  escarpment  overlooking  the  Gknlt 
plain,  but  this  terrace  is  traversed  at  intervals  by  deeply  cut 
valleys  or  guUeys  which  carry  off  the  waters  of  springs  rising 
at  the  base  of  tlie  Chalk. 

Scarcely  anything  is  known  about  the  Gault  in  Western  Sussex, 
but  it  probably  continues,  for  some  distance,  at  any  rate,  to  have 
the  same  characters  and  thickness  as  in  Hampshire.  Mr.  Martin 
mentions  that  the  deepest  well  on  the  G^ult  that  he  knew  of  (in 
1828)  was  one  in  Bignor  Park,  and  was  70  feet  deep.  This  could 
not  give  the  full  thickness  of  the  Gault,  being  some  distance 
from  its  upper  boundary. 

From  the  space  occupied  by  the  outcrop  of  the  malmstone  and 
its  associated  sandy  beds,  its  thickness  appears  to  become  less  as 
it  is  followed  eastward,  but  the  levels  near  Sutton  and  Bignor 
show  that  it  is  still  over  100  feet  thick  in  that  locality. 

Moreover  the  total  thickness  of  the  Selbomian  in  Eastern 
Sussex  is  even  greater  than  it  is  in   Hampshire;    hence  it  is 

Srobable  that  the  clays  and  marls  increase  as  the  sandy  beds 
iminish,  and  we  may  safely  assume  that  the  total  thickness  of 
Gault  and  Greensand  in  West  Sussex  is  not  less  than  250  feet. 

Gault. 

Basement  Beds. — How  far  the  greensand  with  phosphatic 
nodules  which  forms  the  base  of  the  Gault  near  Petersfield 
extends  to  the  east  is  not  yet  known,  but  it  does  not  reach  to  the 
outcrop  south  of  Midhurst.  for  there,  according  to  the  late  Mr. 
Topley,  the  junction  of  Gault  and  Lower  Greensand  is  a  red 
ferruginous  grit  without  fossils  or  phosphate  nodules. 

Topley  observed  the  same  bed  of  red  grit  further  east,  "  in  the 
road  west  of  Burton  church,  south  of  Petworth  station ;  and  also 
in  many  of  the  streams  which  cross  the  outcrop  of  the  Gault,  the 
hard  grit  often  making  a  small  tall  in  the  stream-bed." 

Still  further  east,  at  Sullington,  between  the  valleys  of  the  Arun 
and  the  Adur,  the  same  red  grit  is  seen  again.     Topley  says  "  an 

1  Geology  of  the  Weald,  Mem.  Geol.  Survey,  1875,'  p.  15Q. 
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excellent  section  is  seen  in  the  road  north-east  of  Sullingtop, 
where  the  grit  is  [between]  two  and  three  inches  thick.  Here  the 
land  below  the  grit  is  clayey  for  a  few  inches." 

This  junction,  as  seen  in  a  cutting  on  the  railway,  near  Lower 
Fittleworth,  was  described  in  1869  by  Mr.  G.  Maw,^  who  gives 
the  section  as  follows : — 

Ft  in. 

Ferruginous  gravel 5  or  6  o 

Gault  clay       -       - 10  0 

Hard  blood-red  ferruginous  conglomerate        -        -        .  0  4 

Yellow  and  orange  sands  which  for  a  few  inches 

below  the  conglomerate  are  stained  bright  blood-red    -        30  0 

He  describes  the  conglomerate  as  maintaining  a  uniform 
thickness  of  about  four  inches,  and  as  abounding  in  small  quarta 
pebbles,  which  are  held  together  by  the  ferruginous  matrix.  He 
also  remarks  that  the  line  of  demarcation  is  remarkably  definite, 
"  no  gradation  existing  between  the  red  stratum  and  the  Gault 
above  or  the  Lower  Greensand  below." 

Mr.  R.  M.  Brydone,  F.G.S.,  informs  me  that  about  20  feet  of 
Guult  clay  can  now  be  seen  in  this  cutting,  and  that  fossils  are 
very  scarce  and  badly  preserved,  being  all  converted  into  selenite, 
which  is  very  abundant ;  also  that  the  clay  is  much  cracked,  the 
surfaces  of  the  cracks  being  coated  with  rust-coloured  films. 

It  would  appear,  therefore,  that  throughout  the  west  of  Sussex 
to  the  valley  of  the  Adur  the  base  of  the  Gault  is  formed  by  the 
grit-bed  above  described,  which  is  not  associated  with  any  layer 
of  phosphatic  nodules.  In  this  region,  therefore,  there  does  not 
seem  to  be  any  representative  of  the  zone  of  Ammonites 
m^tramiUatna. 

Mr.  R.  M.  Brydone  also  communicates  the  following  infor- 
mation (1898) : — *'  Some  years  ago  a  well  was  sunk  near 
the  base  of  the  Gault  north  of  Graffham,  the  surface  of  the 
ground  at  the  spot  being  about  30  feet  above  the  horizon  of  the 
red  ferruginous  grit,  which  is  visible  in  the  bed  of  a  stream  close 
at  hand.  The  clay  brought  up  yielded  l7ioceram.u8  concert triciis 
in  abundance  and  a  few  other  fossils."  The  fossils  were  sent  to 
me  by  Mr.  Brydone,  but  few  were  specifically  determinable ;  they 
incluao  the  following : — 

Hamites  intermedius  or  Natica  Clementina.  ? 

attenuatus.  Scalaria  sp.  (young). 

Hamites  punctatus  ?  Leda  phaseolma.  ? 
Aporrhais  carinata.  and  other  obscure  bivalves. 

Bellerophina  minuta.  Inoceramus  concentricus. 

Mr.  G.  W.  Lamplugh  informs  me  that  he  has  recently  obtained 
fragments  of  Am'inonites,  which  seem  to  be  -4.  interrwptiis  and 
A.  awritus,  from  a  brickyard  at  Hardham,  near  Pulborough. 

Middle  Beds. — The  following  notes  are  reproduced  from  Mr. 
Topley's  Memoir  on  the  Geology  of  the  Weald  (p.  150): — "In 

>  (Jeol.  Mag.,  Ist  Ser.,  Vol.  vi,  p.  335, 
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the  railway  cutting  just  west  of  Elsteud  Station  thero  is  a  section 
of  Gault  which  appears  to  bo  about  in  the  middle  of  that  forma- 
tion. The  clay  hero  contains  some  hard  calcareous  nodules  with 
phosphate  of  lime.  In  th(i  road  between  Burton  and  Duncton, 
jUJBt  opposite  the  road  which  jafoes  oft*  to  Boimd  House,  there  aro 
some  nodular  masses  of  clay-ironstone  with  the  concentric  stnic- 

ture  exceedingly  well  marlied This  section  also  is 

about  the  middle  of  the  Gault." 

Upper  Beds. — For  proof  that  Uppi^r  (lault  with  AmmoniteH 
rostratus  exists  in  West  Sussex  below  the  base  of  the  Malmstone 
I  am  indebted  to  Mr.  Brydone,  who  foimd  fossils  in  the  marly 
clay  forming  the  bed  oi  the  stream  just  below  Duncton  old 
church;  "  tliese  included  Ammonites  rostratus,  Belemnitee 
minimtis,  Plicafida  pectinoides,  Pollicipes  glnherl"  and  the 
following  among  specimens  sent  to  me  for  identification :  Cardita 
tennicosta,  Nuctdaiui  vibmyeana,  and  Fits^i^. 

Malm  and  Oreensand. 

The  earliest  description  of  the  Selbomian  in  Sussex  was  that 
by  Mr.  P.  J.  Martin  in  1828.  He  divided  it  into  Gait  and  Malm, 
subdividing  the  latter  into  "  Greensand  "  and  *'  Malm-rock"^  He 
says,  "  This  [chalk]  marl  passes  into  the  malm,  of  which  there  is 
a  thin  stratum  [i.e.  Ghloritic  marl],  succeeded  by  a  bed  of  green- 
sand,  and  that  by  the  more  indurated  malm  rock,  which  again 
gradually  resolves  itself  into  the  gait  clay  beneath." 

Speaking  of  the  bed  which  he  specialises  as  "  the  greensand," 
he  says  "  the  best  sections  of  this  stratum  are  to  be  found  at 

Steyning,  Amberley,  Bury,  and  Barlavington at  Bury 

it  is  from  15  to  20  feet  in  thickness." 

He  continues  thus  : — "  The  great  body  of  the  malm-rock  next 
succeeds,  advancing  in  a  bold  and  broad  talus  [?  terrace],  at  the 
foot  of  the  chalk  hills ;  and  it  is  worthy  of  remark  that  it  is 
broadest  on  the  eastern  side  of  every  remarkably  salient  angle 
of  the  Chalk.  .  ,  .  The  wells  are  from  80  to  100  feet,  and 
the  average  depth  of  the  whole  stratum  may  be  about  70  or  80 
feet."  From  the  above  description,  and  from  a  note  in  his 
memoir  (p.  20),  it  appears  that  he  estimated  the  combined 
thickness  of  the  greensand  and  malm  at  from  90  to  100  feet. 

Quoting  Mr.  Martin  ag;ain  : — "  Jn  its  most  indurated  state  the 
malm  rock  has  a  conchoidal  fracture,  and  is  of  a  bluish  colour 
when  fresh  broken,  but  Ixjcoming  white  by  exposure  to  air."  He 
calls  it  an  "argillaceous  limestone,"  but  whether  it  is  mainly 
calcareous  or  silioeoue  we  have  not  been  able  to  ascertain. 

Topley,  writii^  of  the  country  at  and  east  of  Buriton,  says: — 
"  Succeeding  this  [greensand]  are  the  beds  of  malm-rock  which 
form  the  Upper  Greensand  plateau.  As  seen  in  road-cuttmgs, 
and  in  some  small  quarries,  the  higher  part  of  the  malm  is 
tolerably  well  .bedded,  and  contains  some  hard  layers  of  blue 
r^;  but  in  descending  the  face  of  the  escarpment  the  rag 
disappears,  and  the  beds  become  softer  and  rubbly;  still  lower 

»  Geological  Memoir  on  a  part  of  Western  Sussex,  p.  18. 
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the  harder  portions  occur  only  in  irregular  rounded  masses 
which  break  up  in  concentric  layers ;  and  at  the  foot  of  the 
escarpment  there  are  frequently  some  soft  brown  sandy  beds 
which  directly  overlie  the  Gaiilt. 

"  The  exact  junction  with  the  Gault  can  very  rarely  be  seen. 
Mr.  Gould  saw  the  lower  beds  well  exposed  in  a  drain  at  Sun  wood 
Farm,  Cocking.  The  marl  [?  malm]  towards  the  bottom  becomes 
a  soft  and  rather  sandy  rock,  with  fine  shining  particles  [?  mica], 
ultimately  passing  rather  suddenly  into  a  marly  clay,  grey 
mottled  witn  red,  which  changes  insensibly  during  the  next 
20  feet  into  Gault." 

Mr.  C.  Reid  informs  us  that  the  soft  glauconitic  sands  which 
form  the  highest  part  of  the  formation  can  be  observed  in  the 
road-cutting  by  Sun  wood  Farm  a«i  Cocking,  in  the  roads  south 
of  Heyshott,  and  in  the  road  cutting  at  the  foot  of  West  Burton 
Hill.  Similar  sand  is  also  to  be  seen  in  the  railway-cutting 
south  of  Bramber  Station. 


Eastern  Sussex. 

Having  described  these  beds  in  Western  Sussex,  it  remains 
to  give  some  account  of  their  continuation  through  Eastern 
Sussex  to  the  coast  at  Eastbourne. 

Until  recently  it  was  supposed  that  the  Gault  maintained  an 
average  thickness  of  100  feet  all  along  the  outcrop  at  the  foot  of 
the  South  Downs,  while  the  Upper  Greensand  gradually  decreased 
from  about  80  feet  in  Hampshire  to  less  than  30  at  Eastbourne. 
The  evidence  at  our  command,  however,  shows  that  this  is  a  mistake. 
To  begin  with,  we  have  seen  that  if  only  100  feet  are  referred  to 
the  Gault  in  Hampshire,  no  less  than  180  feet  must  be  assigned 
to  the  Greensand,  the  total  being  280.  Now  it  appears  that  not 
only  is  this  great  thickness  maintained,  but  it  is  actually  increased 
as  the  formation  is  traced  eastward. 

The  following  is  an  account  of  the  boring  at  the  Warren  Farm, 
Rottingdean,  near  Brighton,  taken  from  a  plan  preserved  in  the 
Mining  Record  Office : — 

Feet. 
I  Chalk  with  flints  -        -        -        -        *        *  460 ' 

;  Chalk  without  flints 158 

Chalk     -    \  Grey  marl  with  occasional  beds  of  blue  marl    172 

1  Blue  marl  with  occasional  beds  of  grey  marl    155 

Blue  marl,  sand  and  clay      -        -        -        -    23 

<  rUpuer]  Greensand 7 

i  GauJt  with  beds  of  ironstone         -        -        -    45 

I  Gault 208 

Selbornian  \  Gault  with  nodules 1^ 

Gault  with  beds  of  shells      -        -        -        -    1 1 
Green  Gault  with  nodules  and  Ammonites  -    21^ 

Gault  with  wood lo" 

Lower  Greensand 2j 

1,285 

Here  there  is  stated  to  be  only  7  feet  of  Greensand,  but  it  is 
probable  that  the  45  feet  of  "  gault  with  beds  of  ironstone  *'  is 
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really  impure  malmstone,  for  this  would  make  a  total  of  52  feet 
and  Mr.  Topley  estimated  the  thickness  of"  Greensand  and  Mahn- 
rock  "  at  Hassock's  Gate  to  be  50  feet.  Beneath  this  the  boring 
shows  no  less  than  262  i  feet  of  material  which  is  called  Gault,  so 
that  below  Brighton  there  appears  to  be  a  total  thickness  of 
31 2 i  feet  assignable  to  the  combined  Gault  and  Greensand. 

If  this  record  stood  by  itself  one  might  suppose  that  some 
mistake  had  been  made,  but  a  boring  at  Beddingham  Court  near 
Lewes  disclosed  an  even  greater  thicioiess  of  (Jault.  Mr.  C.  Reid 
obtained  information  and  some  samples  from  Mr.  T.  W.  Pickwell, 
which  show  it  to  have  traversed  Upper  Greensand  (small 
thickness)  and  Bhie  Gault  to  the  depth  of  338  feet,  the  clay 
passing  by  two  feet  of  clayey  greensand  into  clean  greensand, 
which  was  pierced  for  six  feet. 

Lastly,  several  recent  borings  at  Eastbourne  afford  evidence  of 
a  combmed  thickness  of  over  300  feet.  One  of  these  was  at  the 
Eastbourne  Waterworks  east  of  the  town  and  near  the  Pevensey 
Level,  and  the  following  particulars  have  been  communicated  by 
the  contractors,  Messrs.  Legrand  and  Sutcliffe,  the  notes  in 
brackets  being  by  Mr.  C.  Reid  and  referring  to  specimens 
seen  by  him : — 


Alluvium 
30  ft. 


Upper 
Greensand 
35i  ft. 


"l: 


Gault 


286  ft. 


Lower 
Greensand 


Wcalden     - 


Clay 

Peat 

Blue  clay  -  .  .  _ 
Greensand  and  clay  [glauconitic] 
Sandstone  [glauconitic]  - 
Greenish  clay  and  a  little  sand 
[whitish  and  glauconitic]  - 
Sandstone  [glauconitic]  - 
Clay  and    stone   [hard    dark 

sandy  clay] 
Gault  with  septarium  (6  inches) 
at  base        .... 
Gault  and  fossils  [//wx*.  sidcahis] 
Gault,  green  veins  and  fossils 
[Am.  lautus]        -         .         . 
Gault  and  sand  [coarse  loamy 
sand,    mixed    black     and 
green  at  360  ft.] 
Sand  [moderately  coarse,  with 
glauconitic  grains  at  367  ft.] 
Gault  and  sand  [coarse  sand, 
with  small  jjhosphatic  no- 
dules containing  glauconitic 
grains  at  400  ft.] 
Weald  clay  [light  grey  sandy 
clay  at  432  ft.      Dark  grey 
clay  at  436  ft.    Red  mottled 
clays  down  to  633  ft.]. 


Depth. 


Feet 

5 

8 
30 
59i 
60 

62 
65i 

e7j 

239 
341^ 

351  i 


363i 
367 


432 


633 


From  the  above  it  will  be  seen  that  the  combined  thickness  of  Gault  and 
Greensand  is  more  than  32U  feet,  for  the  boring  begins  below  the  top. 
Mr.  Reid  takes  the  Gault  down  to  363i  feet.  (Water  Supply  of  Sussex, 
pp.  56,  97.)  Another  boring  at  the  Star  Brewery,  Gld  Eastbourne,  makes 
the  thickness  from  the  base  of  the  Chalk  to  the  base  of  the  Gault  308  feet. 
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Taken  .  together,  the  three  borings  above-mentioned  seem 
sufficient  proof  that  in  Eastern  Sussex  the  thickness  of  the  com- 
bined Gault  and  Greensand  is  over  300  feet.  How  much  of  this 
is  referable  to  Lower  Gault,  and  how  much  to  the  zone  of 
Ainimmites  roatratus,  we  have  not  been  able  to  ascertain,  but  it 
is  known  that  sandy  clay  with  Avi.  rostratus  exists  below  the 
so-called  Upper  Greensand  at  Eastbourne,  and  we  believe  that 
this  Upper  Gault  of  Eastbourne  passes  westward  into  the  malm- 
stone.  Thus,  assuming  that  the  Lower  Gault  maintains  a 
thickness  of  80  feet  throughout  the  county,  we  think  the  relations 
of  the  Upper  Greensand  may  be  expressed  by  the  accompanying 
diagram: — 


West. 


East. 


Zone  of 

Am. 
rofttratos. 


QreeDund 

and 
Malmstone. 


Oanlt 
Marls. 


Lower 
Gault. 


I 


tMuralng  horizontally  into 


Zones  of 

Am. 

}■  roatratus 

and 

A.Taricoena. 


Fio.  53.    Relations  of  Gault  and  Upper  Greensand  at  Eastbourne  to  the 

beds  in  western  Sussex. 

Lower  Oault. 

In  Eastern  Sussex  the  glauconitic  sand  below  the  Gault  clays 
and  the  phosphatic  nodules  at  the  junction,  which  are  absent  m 
Western  Sussex,  are  again  found.  The  following  notes  are  quoted 
from  Mr.  Topley's  Memoir  : — 

"  A  thin  bed  of  chloritic  and  somewhat  clayey  sand  which  is 
first  observed  in  a  pit  at  Randies  Farm  near  Danny  (this  nit 
exhibiting  a  section  of  the  junction  of  the  Gault  clay  with  tnie 
Lower  Greensand)  continues  to  occur  at  the  very  top  of  the  sand 
for  some  distance  eastward ;  it  may  be  seen  in  the  old  east  and 
west  road  north  of  Lodge  Farm,  and  again  just  east  of  Ditchling." 
(Op.  cit  p.  144,  from  Mr.  Gould's  notes.) 

An  account  of  a  well  at  Ringmer  is  given  by  Mantell,^  who 
says  at  the  bottom  of  the  Gault  there  are  "  nodular  masses  of 
indurated  marl  containing  an  admixture  of  greensand  with  small 
grains  of  quartz.  These  masses  are  permeated  by  veins  of 
splendid  pyrites,  and  their  external  surface  is  studded  with 
groups  of  cubo-octohedral  crystals  of  the  same  substance." 

More  recently  (in  1883)  a  boring  was  made  on  the  Green  at 
Ringmer,  of  which  the  following  particulars  were  obtained  by 
Mr.  C.  Reid  :— 

Gault  clays 169  feet. 

Green  sandy  clay 20    „ 

Coarse  sand 28    „ 

*  Fossils  of  the  South  Downs,  p.  83. 
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MsLuy  {ossih  (AmmoniteSy  Dentcdiuviy  dr.)  were  found  iii  the 
upper  70  feet,  Nucuki  peetinnta  occurred  at  85  feet,  and 
pnosphatic  nodules  from  120  to  130  feet. 

Again,  at  Selmeston  a  sand-pit  by  the  roadside  formerly 
showed  the  junction  of  Gault  and  Lower  Greensand,  and  was 
seen  by  H.  W.  Bristow,  whoso  description  may  be  summarised  as 
below : — 

Dark  olive-green  clayey  sand  (Oault). 

Grey  and  fen*iiginoiis  sand  intermixed,  six  inches  thick,  and  con- 
taining small  scattered  phosphatic  nodules  and  many  pieces  of 
fossil  wood. 

Greenish- white  sand,  with  green  grains,  weathering  to  an  ochreoua- 
brown. 

Of  this  section  Topley  remarks  (op.  cif.  p.  127)  that  it  is 
probably  the  one  noted  by  Mantell,  ^  from  which  he  obtained 
the  fossil  named  by  him  Zaraia  stvs.Hexienai'iy  but  which  Mr. 
Carruthers  afterwards  described  as  Pi n  ites  sttssex ieiisis.  Mr.  Car- 
ruthers  says  "  the  specimen,  which  is,  so  far  as  1  know,  still 
unique,  was  found  in  the  Lower  Greensand  at  Selmeston,  Sussex, 
in  a  bed  along  with  water- worn  fragments  of  stems  and  branches 
which  are  generally  more  or  less  perforated  by  boring  mollusca."  ^ 

Mantell  mentions  the  occurrence  of  a  similar  bed  at  the 
junction  of  Gault  and  Greensand  near  Willingdon,  and  Topley 
saw  the  junction  in  the  railway-cutting  west  of  Polegate  Station, 
south  of  Wootton  Farm.     This  showed  the  following  beds : — 

Ft.  in. 

(J'uilt      /^'''^Gn  rather  clayey  sand 16 

\  Layer  of  phosphatic  nodules  and  fragments  of  wood       0    4 
lx)wer      /Red  sand 10 

Greensand  \Sand  getting  greenish  l>elow. 

It  will  be  noted  that  this  is  exactly  the  same  succession  as  that 
at  Selmeston. 

The  Gault  of  East  Sussex  has  not  yet  been  re-surveyed  by  the 
Geological  Survey,  and  consequently  we  have  no  further  infor- 
mation about  inland  exposures. 

In  the  time  of  Mantell  there  were  brickyards  at  Ringraer, 
Laughton,  and  Worlington,  and  he  obtained  many  fossils  from 
these,  especially  from  tne  lirst-named  locality.  A  list  of  them 
(with  modernised  names)  will  be  found  below,  and  from  this 
it  would  appear  that  the  Ringmer  pits  were  in  the  Lower  Gault. 

Upper  Oault. 

The  Upper  Gault  or  zone  of  Ammonites  rostratus  has  not 
been  definitely  recognised  in  Eastern  Sussex,  except  at  and  near 
Eastbourne, 

Mr.  F.^  G.  H.  Price  found  an  exposure  of  Gault  clay  on  St. 
Anthony's  Hill,^  a  small  eminence  north-east  of  Eastbourne  and 

*  Quart.  Journ.  Geol.  Soc,  Vol.  ii.  p.  51. 

*  Geol.  Ma^.,  Vol.  iii.  p.  541. 

3  Recorded  in  his  Lecture  on  the  Gault,  1879. 
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south  of  Lanriey  Farm,  and  from  the  fossils  he  collected  he 
assigned  the  norizon  to  that  of  his  Bed  8  at  Folkestone,  the 
basement  bed  of  the  Upper  Gault. 

The  highest  beds  of  the  Gault  (our  Beds  11,  12,  and  13) 
are  sometimes  exposed  on  the  foreshore  near  the  pier,  and  can 
be  seen  below  the  site  of  the  old  Wish  Tower,  and  again  above 
high- water  mark  near  Cow  gap,  but  at  the  latter  place,  as  well 
as  under  Beachy  Head,  they  are  much  squeezed  and  disturbed. 
{See  Fig.  54). 

Mr.  rrice  and  Rev.  H.  E.  Maddock  obtained  many  fossils  from 
the  highest  beds  below  the  Wish  Tower.  Mr.  Price  says  the 
Gault  clay  is  hard  and  grey  in  coloiu: ;  the  most  fossiliferous 
part  being  a  sandy  bed  about  two  feet  thick  and  situated  about 
three  feet  from  the  base  of  the  Upper  Greensand.  The  fossils 
found  in  this  are  given  in  the  following  list,  which  includes  all 
the  fossils  that  have  yet  been  recorded  from  the  Gault  of  Eastern 
Sussex,  though  probably  the  list  might  be  largely  increased  by 
the  efforts  of  local  collectors. 


FomiU  from  the  Gault  of  Eant  Stissex. 


Lower  Gault. 

upper  ( 
. >- 

St.  Anthony^s 

Hm. 

jlault. 

Kingmer. 

'        \ 

Eastbourne. 

Corax  i)ristodontus,  A(f.  - 

X 

Scapanorhynchus      subulatus, 

• 

Ag.      -        -        - 

X 

Ajiiiuonites  anritus,  ^ouk 

X 

X 

„          denarius,  tSotv. 

X 

„          interruptus,  Brag, 

(bii)licatu8        of 
Mantell) 

X 

„          ca»lonotu8,  Seeley  - 

— 

X 

„          laevigatus,  Soxv.     - 

X 

— 

„          lautus,  Sotv,  - 

X 

X 

„          rostratus,  Smv, 



X 

„          splendens,  Sow.    - 

X 

— 

X 

„          tuberculatus,  Sow, 

X 

— 

X 

„          varicosus,  Sow. 

- 

X 

X 

AniROceras  aruiatum,  Sow. 

- 

X 

„          tuberculatum,  Sow. 

— 

- 

X 

Belemnites  minimus,  List. 

X 

X 

X 

„          attenuatus,  Sow.    - 

X 

X 

X 

Nautilus  bouchardianus,  (fOrb. 

(the   incBqualis  of   Mantell 
was  probably  this  species)   - 
Hamites  attenuatus,  JSow. 

1 

X 

X 

X 

X 

X 

„        intermedius,  Sotv.    - 

X 

— 

„        maximus.  Sow. 

X 

• 

X 

„        tenuis.  Sow.     - 
„        rotunaus.  Sow. 

X 

— 

— 

X 

— 

~ 

„        comjpressus,  Sow.     - 

X 

- 

Aporrhais  cannata,  Mant. 

X 

- 

X 

Dentalium  decussatum,  Sow  - 

X 

X 

X 

m 


cfeiitAcfeors  bocks  ot  BftitAlS*. 


Fossils  from  the  Gaidt  of  Eccst  Sussex — continued. 


Lower  Gault. 


Upper  Gault 


,^ 


Ringmer.     ,  ^^-  '^^^f^'^''^'" 


Eastbourne. 


Natica  Genti,  Sow. 
Solarium  ornatuni.  Sow.  - 
Avicula  gryphaeokles,  Sow. 
ExQgyra  conica,  Sow. 
Inoceramtis  concentricus.  Pa  rk. 

„         sulcatus,  Park. 
Lima  globosa.  Sow. 
Ostrea  vesicularis,  Lam. 
Nucula  ovata,  Sow. 

bivirgata,  Smv.   - 
pectinata,  Soiv.   - 
Pectunculus  sp       - 
Pecten  orbicularis,  Smv.  - 
„       raulinianus,  cPOrb. 
„      (Neithea)      5-co8tatu8, 
Soiv.-        -        -        - 
„       Barretti  ?,  Seeley 
Plicatula  pectinoides,  &ow. 
Rhynchonella  sulcata  ?,  Park.  - 
Terebratula  biplicata,  Sow.     - 
Etyus  Martini,  Mant. 
Hoploparia  sp.        -        - 
Necrocarcinus  Bechei,  Desl.    - 
Palaeocorystes  Broderipi,  Ma  nt. 
„  Stokesi,  Mant. 

Pollicipes  Lfivisj  Sow. 

„         un^is,  Sow.   • 
Cidaris  gaultma,  Forbes  - 
Spatangua       -        -        -        - 
Trochocyathus       harveyanus, 

F.itH.    - 
„  conulus,  Phti.     ' 


-  I 


X 

X? 

X 
X 

X 
X 


X 

X 
X 
X 


X 
X 
X 
X 

X 
X 
X 
X 

X 


-IX 
X  -  X 

-  X 

1 

-I  -  X 

-  -  X 

-  1  -  X 
I               -                         X 

X 
X  -  - 

X  -  - 

X  -  - 

X  -  - 

^      !      :  i 

X 

X  - 

X  - 

!  X 


Malmstone  and  Sandstone. 

The  views  stated  on  p.  119  with  regard  to  the  relations  between 
the  Upper  Gault  and  Upper  Greensand  of  Sussex  receive 
confirmation  from  the  following  passage  in  Topley  s  Memoir 
(p.  158):— 

"  From  about  Steyning,  eastwards,  the  Upper  Greensand 
changes  its  character,  the  beds  get  softer  and  tiie  terrace  less 
strongly  marked.  In  the  cutting  north  of  Cla}'ton  Timnel  there 
appear  to  be  no  hard  beds,  the  formation  consisting  wholly  of 
darkish  sandj  marl  and  marly  sand.  Again  in  the  cutting  south 
of  Cook's  Bridge  Station  there  are  no  hard  layers,  but  the  beds 
not  far  below  the  Chalk  are  soft,  sandy,  an(i  rather  brownish, 
with  dark  markings :  they  somewhat  resemble  malm-rock  which 
has  not  become  indurated.  The  lowest  beds  seen  at  the  north 
end  of  the  cutting  are  brownish  sandy  clays,  becoming  darker 
and  more  clayey  below,  the  lowest  beds  exposed  being  blue  and 
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slate-coloured  clay,  still  rather  sandy.  Perhaps  the  greater  part 
of  this  is  Gault,  the  difference  in  colour  being  due  to  different 
degrees  of  dryness  and  weathering." 

In  the  ablove  description  we  have  evidence  not  only  of  a 
complete  passage  downward  from  a  soft  kind  of  sandy  malm 
into  the  sandy  marl  of  the  Upper  Gault,  but  also  of  the  lateral 
change  from  malmstone  into  these  soft  sands  and  marls. 

It  would  appear  from  the  vertical  section  on  Plate  IV.  in 
Topley's  Memoir  that  he  estimated  the  thickness  of  the  beds 
assignable  to  the  Greensand  and  Malmstone  in  this  district 
("  Hassock's  Gate  ")  to  be  about  50  feet. 

We  have  no  infonnation  respecting  this  "  Greensand  *'  portion 
of  the  formation  between  Clayton  and  Eastbourne,  but  it  probably 
thins  gradually  toward  the  coast,  where  its  thickness  does  not 
exceed  40  feet. 

It  was  formerly  well  exposed  in  the  cliff  below  and  south-west 
of  the  Wish  Tower  at  Eastbourne,  but  is  now  hidden  by  the 
erection  of  a  sea  wall.  Mr.  Topley  gave  an  account  of  the 
section  in  his  memoir  "  On  the  Geology  of  the  Weald"  (p.  159) 
and  noted  the  thickness  observed  in  the  cliff  to  be  between  22  ana 
24  feet,  saying  that  "  the  lowest  bed  seen  in  the  cliff  extends 
towards  the  north-east  along  the  shore,  and  passes  downwards 
into  blue  Gault  clay." 

The  Rev.  H.  E.  Maddock,  who  formerly  resided  at  Eastbourne, 
took  careful  and  repeated  measurements  of  this  section,  and  has 
kindly  placed  the  following  account  of  it  at  our  disposal.  It  was 
also  aescribed  in  1876  by  fir.  Barrois,  and  we  give  his  description 
(somewhat  abbreviated)  by  the  side  of  Mr.  Maddock's : — 

Dr.  Barrois.  Mr.  Maddock. 

Feet. 

1.  Chloritic  marl.  Chloritic    marl    with   phosphatic 

nodules. 

2.  Rather   soft   green    micaceous  Greenish    sand     with     stem-like 

sandstone.  markings  of  darker  tint,  phos- 

phatic nodules  -        -        -        -    2 
(Soft  greenish  sands,  light-coloured 
at  the  top,  darker  below  -      8 

Persistent  band  of  dark  grey  marly 
sand  (2  inches). 
Soft  greenish  white  sand    -  -     1 

4.  Greenish-grey   calcareous    andf^/^  light-grey  sandstone    firmer 
micaceous     sandstone,     with  I     than  the  ^nd  above  with  a  few 
some  harder  beds  and  a  fewl  „^^^!^L^^  ^^^"^  ^r'^^      '     a'    ^ 
scattered  phosphatic  nodules,  [^g^g ^^^"^^^  calcareous  sandy 

6.  Micaceous  sand  or  sand.rocklgf  J  j^^        ...    5 

resembling    m     its    mineral  IV9;„  At,.        j 

characters  the  Gaize  of   Ar-  T  e7um£„  greensand,  soft   and 
gonne.  J  g         *        ■        -        -    3 

27i 

Mr.  Maddock  thinks  there  may  be  another  two  or  three  feet 
ot  the  greensand,  which  appeared  to  pass  down  into  bluish  sandy 
clay. 
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Below  Beachy  Head  the  thickness  seems  to  be  less  than  the 
above,  but  the  beds  are  so  slipped  and  squeezed  that  this 
appearance  may  be  deceptive.  Mr.  Hill  found  a  slipped  mass 
which  showed  the  dark  grey  marl  band  with  several  feet  of 
glauconitic  sand  and  sandstone  above,  and  eight  feet  of  soft  grey 
calcareous  sandstone  below,  the  latter  being  destitute  of  glauconite 
and  looking  more  like  a  kind  of  sandy  chalk  than  a  "  greensand." 
The  positions  of  the  squeezed  tracts  of  Gault  and  Greensand 
below  Beachv  Head  are  shown  on  the  map,  Fig.  54. 

Very  few  fossils  have  been  found  in  this  Eastbourne  Greensand ; 
no  Ammonites  have  been  discovered  in  it.  Dr.  Barrois  records 
a  Naiitilvbs  and  Kingena  linKi.  Mr.  Maddock  has  found  Pecten 
orbicuUcris,  PlicahiUt  jy^cfinaidef*,  Holaster  Icevis,  and  Jerea  sp. 

Dr.  Barrois  in  1876  referred  these  sands  to  the  zone  of  Pecten 
asper,  but  we  can  see  no  reason  for  such  reference,  and  in  the 
absence  of  Ammonites  it  is  impossible  to  be  certain  how  they 
should  be  classed.  We  incline,  however,  to  regard  the  whole 
of  them  as  belonging  to  the  zone  of  Atnmonites  rosfrafus.  Even 
the  highest  bed  of  greenish  sand  is  somewhat  micaceous,  and 
though  there  are  no  signs  of  erosion  at  its  summit,  yet  it  is 
distinct  as  a  bed  from  the  overlying  Chloritic  Marl. 

From  the  above  account  it  will  be  seen  that  at  and  near 
Eastbourne  the  portion  of  this  zone  which  goes  by  the  name 
of  Upper  Greensand  is  comparatively  thin,  not  more  than  36 
to  40  feet.  The  "  Gault "  clays,  on  the  other  hand,  are  very 
thick,  and  though  not  well  exposed  they  have  yielded  a  fair 
number  of  fossils. 


CHAPTER  IX. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN) 

IN  THE  ISLE  OF  WIGHT. 

General  Description. 

The  Gault  and  Upper  Greensand  of  the  Isle  of  Wight  have 
been  described  in  more  or  less  detail  by  a  long  succession  of 
writers,  and  some  of  these  notices  have  been  mentioned  in  our 
prefatory  chapter  (see  pp.  15  and  23). 

Although  tne  broad  division  into  blue  (Gault)  clays  and  Green 
(or  CTey  glauconitic)  Sand  holds  good  here  as  in  the  south-east 
of  England,  yet  there  is  a  complete  passage  from  Gault  to 
Greensand  through  a  considerable  thickness  of  bluish  micaceous 
silt  and  sand,  which  has  sometimes  been  classed  with  the  Grault 
and  sometimes  with  the  Greensand.  Thus  in  the  first  edition  of 
the  Geological  Survey  Memoir  on  the  Isle  of  Wight  (1862)  these 
passage-beds  were  included  in  the  Upper  Greensand,  but  in  the 
second  edition  (1889)  they  were  grouped  with  the  Gault. 

Fossils,  except  fierpula  (Vermicularia)  concava,  are  not 
common  in  these  passage-beds,  but  as  Am^inonites  rostratua  has 
been  found  in  the  lowest  part  of  them,  at  Compton  Bay,  rather  less 
than  100  feet  above  the  oase  of  the  Gault,  they  appear  to  belong 
to  the  zone  of  Am.  rostrafus,  in  which  also  must  oe  included  the 
greater  part  of  the  Greensand.  It  is  in  fact  immaterial  whether 
they  are  called  Gault  or  Greensand,  since  the  two  are  really 
inseparable  and  the  names  are  merely  expressions  of  local  litho- 
logical  differences  between  the  lower  and  upper  parts  of  one  and  the 
same  formation  (see  ante  p.  29). 

Of  late  years  more  important  questions  have  arisen  with 
rerard  to  the  upper  and  lower  limits  of  this  formation,  and 
different  views  have  been  expressed  as  to  the  plane  of  separation 
between  Gault  and  Lower  Greensand  and  also  as  to  that  which 
should  separate  Upper  Greensand  from  "  Chloritic  Marl." 

Until  1886  the  Carstone  of  Lincolnshire  and  the  upper 
ferruginous  sands  of  Surrey  had  always  been  regarded  as  part  of 
the  Lower  Greensand,  but  in  that  year  Mr.  Strahan  suggested 
that  they  were  more  closely  connected  with  the  Gault  than  with 
the  beds  below.^  In  1889  he  also  separated  the  highest  portion 
of  the  Lower  Greensand  of  the  Isle  of  Wight  under  the  name  of 
Carstone,  "  on  account  of  the  resemblance  the  rock  bears  to  the 
Carstone  of  Lincolnshire  and  Norfolk,  of  which  there  is  reason  to 
suppose  it  to  be  the  stratigraphical  equivalent " ;'  and  he  points 
out  that  this  rock  passes  up  gradually  into  the  Gault. 

^  Quart.  Journ.  Geol.  Soc.,  Vol.  xlii.  p.  486. 

•  Geology  of  the  Isle  of  Wight,  Mem.  G.  S.,  2nd  Edition,  p.  52, 
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Mr.  Strahan,  however,  does  not  ^o  so  tar  as  to  class  this 
Carstone  with  the  Gault,  and  he  admits  that  the  palaeontological 
evidence,  so  far  as  it  goes,  indicates  as  close  a  relationship  with 
the  Lower  Greensand  as  with  the  Gault.  At  Blackgang  a 
doubtful  Amirumitea  Beudanti  and  Lima  parallela  (d'Orb.  non 
Sow.)  were  found  in  the  Carstone,  and  these  are  species  which 
only  range  upward  into  Gault ;  but  at  Redclin  Plicatula 
carteroniama  and  Nuculana  scaplui?  occur,  and  these  are 
essentially  Lower  Greensand  species. 

As  I  have  been  led  to  agree  with  those  who  include  the  zone 
of  ATmnonites  muinrriillatiis  in  the  Gault,  I  should  bo  prepared 
to  admit  the  Carstone  of  the  Isle  of  Wight  into  the  Upper 
Cretaceous  Series,  if  it  could  be  shown  to  be  the  equivalent  of 
that  zone.  This  proof,  however,  is  not  yet  forthcoming,  for  Am, 
mnminilUitua  has  neither  been  found  at  any  locality  in  the  Isle  ot 
Wight  nor  in  the  Carstone  of  Lincolnshire,  nor  in  that  of 
Norfolk;  so  that  at  present  there  is  no  sufficient  evidence  for 
regarding  the  Carstone  of  any  one  of  these  districts  as  represent- 
ing the  zone  of  Am.  mammtlhitics. 

It  is  true  that  this  zone  does  occur  in  North  Dorset,  but  the 
material  is  described  as  an  argillaceous  sand,  ferruginous 
and  oolitic,  with  scattered  pebbles,  and  is  hardly  to  be  called 
Carstone.  Moreover,  since  Am.  Tnam^iniUatus  is  now  known  to 
occur  both  to  the  eastward  and  westward  of  the  Isle  of  Wight, 
it  is  all  the  more  surprising  that  this  species  should  not  be  found 
in  that  island  if  the  zone  is  really  represented  there. 

Again,  if  it  were  only  a  question  of  a  few  feet,  as  in  the  case  of 
the  sections  at  Blackgang  and  Niton,  there  would  be  less  difficulty, 
but  at  Redcliff  the  thickness  of  the  Carstone  swells  out  to  72  feet. 

I  am  ready  to  admit  that  the  clay  of  the  Gault  in  the  Isle  of 
Wight  passes  down  into  pebbly  beds  at  the  top  of  the  Carstone, 
but  it  is  by  no  means  certain  that  all  the  beds  classed  as 
Carstone  by  Mr.  Strahan  belong  to  one  indivisible  zone  or  band. 
It  is  possible  that  the  mass  of  the  Carstone  at  Dunnose 
^onchurch)  and  Redcliff  may  really  belong  to  the  Lower 
Greensand,  but  that  a  few  feet  at  the  top  may  be  separable  as 
the  pebbly  base  of  the  Gault,  and  as  the  equivalent  of  the  6  to 
12  feet  of  Carstone  at  Blackgang  and  Compton  Bay. 

In  this  state  of  uncertainty  it  will  be  best  not  to  claim  the 
Carstone  as  the  base  of  the  Upper  Cretaceous  series,  but  to  be 
content  with  simply  drawing  attention  to  the  possibility 
of  its  including  a  representative  of  the  zone  of  AmmonitsH 
mammillatus. 

I  quite  agree  with  Mr.  Strahan  that  the  Lower  Gault  is 
represented  m  the  island,  and  think  there  is  little  doubt  that 
the  zone  of  Ammonites  interruptus  can  be  identified.  Mr. 
Norman  records  the  occurrence  of  this  species  near  the  base  of 
the  Gault  at  Blackgang,  but  Ain.  Beudanti  has  been  obtained 
by  the  Survey  at  28  leet  above  the  top  of  the  Carstone  near 
Sonchurch,  and  Am.  denarius  alK)ut  90  feet  from  the  base  in 
Compton  Bay.  The  thjckne^ss  of  the  Lower  Gault  is  probably 
from  90  to  100  feet. 
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The  overlying  sandy  clays  or  silts  and  the  succeeding  sand- 
stones must  be  regarded  as  the  equivalent  of  the  Upper  Gault 
of  Folkestone,  and  of  the  Upper  Gault  and  Malnistone  of  Surrey, 
Hants,  and  Sussex.  They  form  the  zone  of  Avimonites  rostniti^, 
and  along  the  Undercliflf  this  seems  to  include  the  beds  which 
are  known  as  firestone  and  freestone. 

The  Chert  Beds  do  not  contain  many  fossils,  and  have  not 
yielded  Pecfev  asper ;  but  as  they  occupy  the  same  position  as 
those  of  Wiltshire,  in  which  that  fossil  occurs,  they  are  doubtless 
on  the  same  stratigraphicul  horizon.  Above  the  Chert  Beds 
there  is  a  variable  set  of  sands  and  sandy  marls  with  layers  of 
calcareous  concretions  or  doggers,  forming  a  kind  of  |)assage  into 
the  Chloritic  Marl.  The  precise  horizon  whi('h  is  taken  as  the 
summit  of  the  Greensand  will  be  discussed  under  the  head  of 
Chloritic  Marl  (see  Vol.  II.) 

The  succession  of  beds  comprising  the  Greensand  at  Culver 
cliflF,  the  Underclift*,  and  Compton  Bay  is  so  ditterent  that  it  is 
difficult  to  compare  them,  and  even  along  the  UnderclifF  it  is  not 
easy  to  correlate  the  beds  forming  the  lower  part  of  the  group. 
The  thickness  of  the  sands  and  sandstones,  including  the  passage 
beds,  varies  from  98  to  160  feet,  the  grciitest  thickness  being  in 
the  centre  of  the  island  and  in  the  central  part  of  the  Undercliflf. 

Stratigraphical  Details. 
Lower  Gault. 

The  clays  of  the  Gault  rest  upon  the  Carstone  or  pass  down 
into  it  by  intercalations  of  }x?l)bly  beds  with  layers  of  clay. 
Pending  the  settlement  of  the  question  whether  there  is  any 
representative  of  the  zone  oi  Ammon\tes  nuiniillcUu^  in  the  Isle 
of  Wight,  the  clays  of  the  Gault  may  be  roughly  divided  into  two 
zones — that  of  Ain.  ivtprrnptits  below,  and  that  of  Am. 
dmariits  aho\e.  Whether  any  other  zone  can  be  made  out 
between  these  two  there  is  not  yet  sufficient  evidence  to  show ; 
but,  so  far  as  we  cau  learn,  Avi.  inten^npfufi  has  only  been  met 
with  in  the  lower  20  feet,  and  Ahl  deiKU'ln.'^  has  onlv  been 
found  quite  at  the  top. 

A  fair  mniilx^r  of  fossils  has  been  obUiined  by  the  Survey  from 
the   Gault  of  the    island,  proving  that  it  is  by   no   means  so 

f)oor  in  fossils  as  it  has  been  represented.  Careful  collection  on 
avourable  opportunities  would  probably  increase  the  number  of 
species.  As  spe(Mmens  their  state  of  preservation  leaves  much 
to  be  desired,  but  many  are  sufficiently  well  prcvserved  to  be 
identifiable,  and  for  use  as  zonal  indicators  that  is  all  the 
stratigraphical  geologist  requires. 

As  already  stated,  we  exclude  from  the  L6wer  Gault  the  more 
sandy  clays  or  "  Passage  Bf?ds  "  between  Gault  and  Greensand, 
because  Ammonites  roHtvatvs  has  been  found  in  them,  and  wo 
regard  them  as  Upper  Gault.  The  thickness  of  the  Lower  Gault 
is  95  feet  in  Compton  Bay  according  to  Mr.  Strahan's  measure- 
ments, and  may  be  as  much  as  105  feet  elsewhere. 
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There  are  only  three  cliff-sections  in  which  the  Ganlt  is  well 
exposed,  namely  in  Compton  Bay,  at  Redcliff,  and  above  Black- 
gang,  but  the  lower  beos  can  oe  examined  in  the  cUff  near 
Bonchurch. 

At  Redcliff  the  Gault  is  about  100  feet  thick,  but  the  lower 
part  is  seldom  well  exposed,  being  generally  covered  by  the 
debris  of  landslips.  The  upper  half  is  generally  accessible,  and 
consists  of  dark  blue  micaceous  and  slightly  sandy  or  silty  clay. 
We  take  the  summit  of  this  to  bo  where  it  passes  into  a  more 
sandy  material,  which  is  firmer  and  offers  more  resistance  to  the 
wash  of  the  waves  and  dries  to  a  light  blue-grey.  The  Survey 
has  obtained  fossils  from  throe  horizons  at  Redcliff  (see  p.  130). 

The  lowest  part  of  the  Gault  can  bo  examined  in  the  cliff  east 
of  Bonchurch,  where  about  30  feet  of  it  are  accessible,  and  from 
this  a  few  fossils  have  been  obtained  at  a  height  of  about  28 
feet  above  the  junction  with  the  Carstone  (see  list  below). 

The  passage  down  into  the  Carstone  is  described  by  Mr. 
Strahan  as  follows  (abbreviated) : — 

Feet. 
Blue  micaceous  clay  with  lines  of  grit       -        -        -        -  3 
Brown   ferruginous  rock  with  derived  phosphatic  con- 
cretions containing  oolitic  grains  of  oxiae  of  iron  -        -  1 

Sandy  and  gritty  blue  clay 1 

Clayey  brown  ^t  with  nodules  as  above          ...  3 
Brown  grit  with  many  small  pebbles,  and  a  layer  of 

pebbles  at  the  base 26 

The  whole  of  the  Gault  comes  into  view  at  Blackgang,  but  is 
not  easily  accessible.  Lima  pandlela,  Pecten  orhicuhiriSy  and 
Avicald  Rp.  were  found  in  the  lower  20  feet  above  South- 
lands House;  Ttioceramus  sulcatiis  and  In.  concentricus  have 
also  been  found  in  a  gulley  west  of  the  hotel. 

The  best  and  most  easily  accessible  section  of  Grault  in  the 
island  is  that  exposed  in  the  cliff  of  Compton  Bay.  Mr.  Strahan 
has  given  a  section  of  this,^  which  1  have  re-arranged  to  show 
how  much  of  it  may  be  regarded  as  Lower  Gault : — 

Feet. 
Dark  blue  clay  with  Ammonites  rostratas         -        -        -      8 

Lower  J^'Tw"''?        ;.      '     f'     i  '        "        '        'I 
fi^,.u^  l-)ark  blue  clay  with  many  tossils  -        -        -    :ii) 

0»"^HBlue  clay      -        -        -        -        -      .-        -        -    73 

Carstone — Brown  sand  with  a  pebble-bed  3  inches  thick 

at  the  base 6 

The  fossils  obtained  from  the  upper  part  of  this  section  are 
included  in  the  following  list. 

Mr.  Norman  says : — "Here,  after  a  fall  of  the  cliff,  a  few  fossils 
can  be  collected,  chiefly  from  the  lower  portion,  where  most  of 
the  characteristic  fossils  occur.  Ivoceraimis  sxilcatxis,  Natica 
gauUina  [=Oenti]y  and  Ammonites  dentatu^  are  amongst  the 
most  prominent.  The  latter  occurs  as  a  hard,  brittle,  coal-black, 
polished  substance,  the  inner  whorls  being  permeated  and  held 
together  by  a  hard  phosphatic  concretion."^ 

>  Geology  of  the  Isle  of  Wight,  Mem.  Geol.  Surv.,  2nd  Edition,  pp.  59, 63. 
»  Geological  Guide  to  the  Isle  of  Wight,  1887,  p.  70. 
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List  of  Fosttim  fboh  the  Gault. 

All  these  were  obtained  by  Mr.  J.  Rhodes,  the  fossil-collector 
of  the  Survey,  except  those  marked  N,  which  arc  recorded  by 
Mr.  Xomian. 


Fis)i 


Vnea 
Aminnnihin  Beudanti,  Bfituj. 

„  boiii^hardirtntus  d'Oti.  - 

„  denaiiuH,  Sotp. 

„  (leiitatufl{-=int«rrui)tiw) 

„          iDterruptius  Hruy. 
Beleiiinitet*  ininiiiHiis  Litl. 
Hainitw)  up. 


Oastkwifmda. 
Apcirrhttis  up.  - 

Dental ium  np.  (IduciiHsatiini)- 
Nfttica  Genti,  Soir.  (=({aultina) 
Solarium  ornatuiii,  Smr.  - 
TurritelU  sp.  -        -        -        - 


Cardita  (Jonataiiti,  <rOffi. 


sp. 


Caraiuni  sp. 

Cucullett  oarioata.  Sni".  - 
„        glabra,  A'ww,     - 
Exogyra  haliotoidca.  Sole. 
laoceramus  ooiiceiitriciis,  Sriw. 

„  sulcatum,  Siiu: 

Lima  globoaa  %  Stmi. 

„     parallela,  <i'0>-f'.  (iion  ,S'ow.)   ■ 
ljucina  tenera,  Sou: 


sp. 


Modiola  up. 

Nucula  bhirgato.  Son:    - 
„       pettinata,  Siiir,   - 

OHtreacannliculatn,.SViw.^  =  ]attirabH) 

I'leurom.va  (Paiiopma)  pbcata,  Soio.- 

Pecten  nrhicularix,  .Son:  - 
„   cf.  mulinianiiR,  'POi-li.   - 
„   (Neith©a>|uinquecogtatiis,,Soic,, 

Pinna  sp.-  -        -  -  ■ 

Plicatula  pectinoides  (J),  5oH'.        -  : 

Solen  dupinianus,  cFOri. 


Terebratula  aj).  -  -  -  -  ; 
Seri)ula(VerDiicuIaria)concava,  Sow.  ' 
Coniferous  Wood    .        -        -        . 


"Ix; 


:l:l: 
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Passage  Beds  and  Upper  Greensand. 

Zones  of  Ammonites  rostrafns  and  Cardiaster  foasariv^. 

In  dealing  with  this  part  of  the  stage  it  will  bo  convenient  to 
describe  first  the  sections  visible  in  the  southern  cliffs  and 
"  Undercliff,"  where  the  formation  attains  a  greater  thickness 
than  in  the  more  northern  exposures,  and  where  its  several 
portions  present  a  more  individiialiscd  aspect.  This  tract  has 
always  indeed  been  regarded  as  exhibiting  a  typiciil  development 
of  what  is  usually  known  as  the  "  Upper  Greensand." 

The  finest  and  most  complete  section  is  that  in  the  cliffs 
below  St.  Catherine's  Down  at  the  south-east  corner  of  the  island. 
The  highest  portion  is  not  easily  accessible,  but  the  beds 
immediately  below  the  Chloritic  Marl  can  be  examined  in  fallen 
masses  near  Rocken  End.  The  Chert  Beds  are  well  shown  in 
the  vertical  face  of  Gore  cliff*,  the  layers  of  chert  standing  out  as 

Erojecting  courses  while  the  soft  siinds  l)etween  have  been  eroded 
y  the  action  of  wind  and  rain  into  long  gi'ooves  or  furrows.  The 
freestones  and  upper  sandstones  can  be  traced  along  the  foot  of 
this  cliff;  the  softer  sands  form  the  slope  below,  and  the  Gault 
comes  into  view  as  the  section  is  followecl  towards  Blackgang. 

The  first  carefiil  measurement  of  this  section  was  made  by  Mr. 
F.  W.  Simms,  who  estimated  the  thickness  of  the  Greensand  at 
104  feet  and  that  of  the  passjige  beds  at  48  feet  ^ ;  total  147  feet. 

Mr.  Strahan  re-measured  the  Greensand  in  1887  and  assigned 
to  it  a  thickness  of  121  feet,  accepting  Mr.  Simms'  estimate  of  the 
beds  below,  and  thus  making  the  combined  thickness  164  feet.*^ 

Measurements  made  by  Air.  Hill  for  this  Memoir  in  1897  gave 
a  thickness  of  nearly  60  feet  from  the  base  of  the  t-hert  Beds 
to  the  lowest  layer  of  calcareous  ragstones  or  doggers  :  this  with 
26  feet  for  the  beds  atove  and  43  feet  for  the  "  passage  beds " 
below  gives  a  total  of  129  feet  for  the  two  zones  of  Amimpnitefi 
roHtrutvs  and  Cardiastur  fossirri a.s.  Adding  to  this  Mr  Simms' 
estimate  of  103  feet  of  Gault  we  get  a  thickness  of  232  feet  for 
the  whole  formation  at  this  locality. 

The  section  at  Gore  Cliff',  as  measured  by  Mr.  \V.  Hill,  is  as 
follows ; — 

Chloritic  Marl.  Feet 

Greenish  grey  glauconitic  sands  with  two  layers  of  calciferous 
concretions  having  brown  phosphatised  rinds.    Not  measured.      — 

Soft  grey  glauconitic   sandlstone    'with  conspicuous  layers   of 
black  or  grey  chert -        -        --10 

Similar  sandstone  with  layers  of  calcarco-siliceous  concretions 
which  here  and  there  pass  into  chalcedonic  chert     -        -        -    12 

Grey  glauconitic  sandstone  with  a  layer  of  calcareous  lumi)s  or 
comstones  at  base    -        -        -        --        -        "-        -2 

"  Bastard  freestone,"   a  smooth  fine-grained  glauconitic  sand- 
stone weathering  to  a  yellowish-grey  or  buff  colour  -        -        -      1 

"  Freestone,"  a  massive  fine-grained   sandstone  weathering    a 
yellowish  grey  -       -       - 5 


*  Quart.  Journ.  Geol.  Soc,  Vol.  i.  p.  76  (lB4o). 

«  Geology  of  the  Isle  of  Wight,  2nd  Ed.,  Mem.  Geol.  Survey,  1889,  p.  69. 
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Gore  cM—conf.  Feet. 

Grey  sandstone,  weathering  butt",  and  containing  small  brown 

pnosphatic  nodules,  and  small  ragstone  lumps  which  weather 

out  as  rough  projections -        -        -      3^ 

Smooth  grey  sandstone  with  small  brown  phosphatic  nodules     -       6 
A  series  of  large  doggers  or  niiusses  of  calcareous  sandstone  in 

grey  sand  -        -        --        -        --        -        --4 

Firm  grey  sandstone,  weathering  as  usual,  with  some  phosphatic 

nodules  and  a  layer  of  calcare^jus  concretions  in  the  lower  part      7  J 
Course  of  large  calcareous  doggers,  which  are  grey  inside  and 

often  enclose  pieces  of  brown  i)hosphate Ij 

Firm  grey  sandstone,  weiithering  irregularly  in  harder  and  softer 

I>ortions,  a  few  phasphates 13 

Similar  sandstone,  but  without  phosphates  -        -        -        -     16 

Course  of   hard  and    heavy  doggers  of    comjiact  bluisli-grey 

siliceous  limestone,  from  ii  inches  to         -        -  -        -      I 

Firm  yellowish  sand  mottled  with  bluish -grey    -        -        -        -      3 
Bluish -gi'ey  marly  micaceous  sand,  mottled  with  buff         -        -    lOj 
Similar  sand  with  less  of  the  butf  mottling  -        .        -        .      g 

Bluish-grey  fine  micaceous  siind  or  silt  with  a  layer  of  smooth 

roimded  doggers  of  grey  siliceous  liniestone  at  the  Imse  -        -      9 

110 

Another  convenient  six)t  tor  examining  the  sands  and  sand- 
stones is  the  "  Cripplas'  Path,"  which  ascends  the  cliff  south-east 
of  Niton.  Here  and  in  the  clitt*  to  the  eastward  about  80  feet  of 
the  sandstones  can  be  seen,  but  not  more  than  12  feet  of  the 
C^ert  Beds  come  into  view. 

The  next  accessible  place  is  in  St.  Lawrence  Shute,  where 
about  62  feet  c^in  be  measured,  includinjj  about  14  feet  of  Chert 
Beds.  Here  the  bed  which  (5orresix)nds  to  the  main  freestone- 
bed  of  Gore  clift*  contains  lenticular  stony  lumps  and  masses 
which  destroy  its  value  as  a  building-stone. 

Dr.  Barrels  described  the  succession  at  St.  Lawrence  in  1876,^ 
but  he  seems  to  have  combined  exposures  on  the  shore  or 
Undercliff  with  that  in  the  clitt'  itself,  and  the  thickness  which 
he  assigns  to  the  lower  sands  is  rather  too  great  unless  he 
included  some  of  the  bluish  silty  siind  below  the  lowest  layer 
of  doggers.  He  gives  a  thi<kni*ss  of  IIH  feet  to  the  sands  and 
sandstones  below  tlu^  Chert  Beds,  and  describes  the  mass  of  them 
as  "  soft,  light,  yellowish-gi'ey  sandstone,  homogeneous,  very 
micaceous,  and  glauc!onitic,  with  some  bluish  and  more  argilla- 
ceous layers;  it  resembles  the  (j<(he  of  Argonne."  His  list  of 
fossils  from  these  beds  numbers  25  species,  and  he  assigns  128 
feet  to  the  zone  of  Arnmonift's  Inflftfus  [I.e.  Am.  rostnUus]. 

Mr.  0.  Parkins(m2  (in  1881)  and  Mr.  M.  Norman^  (in  1882) 
have  both  described  the  beds  overlying  the  Gault  near  Ventnor, 
but  no  such  stH^tion  as  they  give  c^m  be  measured  in  one  place. 
Mr.  Norman  informs  us  tliat  his  measurements  were  taken  at 
various  points  "  along  the  shore  from  Bonchurch  to  Niton  " ;  Mr. 
Parkinson  also  speaks  of  a  "  section  on  the  St.  Lawrence  beach," 
but  does  not  otherwise  si)ecify  the  manner  in  which  he  measured 

^  Rechert'hes  sur  Ic  Terr.  Oret.  Sup.,  p.  106. 

-  Quart.  Journ.  (lool.  Sor.,  Vol.  xxxvii.  p.  370     • 

^  Geol.  Mag.,  Dec.  2,  Vol.  ix.  p.  44o; 
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the  complete  succession.  Mr.  Norman  has  resided  so  long  at 
Ventnor  and  has  collected  so  carefully  from  the  various  beds  that 
we  reproduce  his  account  of  them  : — 

Pea-green  laminated  sand 

Alternating  Chert  and  sandstone  l)eds       -        -        -        - 

Firefttone  (nard  sandstone) 

Kag 

Freestone  (coniijact  grey  sandstone),  with  Am.  rostraiusy 

large  NautUi,  Pect^ns^  and  Ciatharia  Lyelli 

Kag 

Sandstone  with  a  bed  of  rag  in  the  middle,  Iloplopat'ia 

tSujcbt/i  and  Am.  rostra t us 

Laminated  sandstone  with  dark  streaks  (^*  black  band  ")  - 
Soft  yellow  sandstone  with  large  flattened  concrctiona 

called  by  quarrymen  "  whills  " 

Bed  of  rag         -        -        -        - 

Keddish  brown  sandstone,  few  fossils,  Afn.  rostjtitus 

li^ .--.-- 

Readish  brown  siindstone,  with  many  fossils     - 

Mammillated  rag 

Soft  yellow  micaceous  sands  with  concretiirtis  and  numerous 

fossils  -        - 

Dark-coloured  rag  with  large  Inoeeratni   -        -        -        - 

First  bed  of  Gault 

Hard  blue  rag 

107    0 

The  reader  nuist  remember,  however,  that  what  Mr.  Norman 
calls  l)eds  of  rag  are  not  continuous  layers,  but  courses  of 
separate  dogfjfers  or  masses  of  hard  and  often  compact  calcareous 
Siindstone. 

Tlie  jiuKtion  of  the  sands  and  the Chloritic  Marl  can,  however, 
be  more  conveniently  studied  in  the  quarry  under  St.  Bonifaco 
Down,  about  a  quarter  of  a  mile  west  of  the  Pidpit  Rock.  The 
section  seen  here  in  1897  was  as  follows : — 

Ft  in. 
Chalk  marl  - -        -  21    0 

Chloritic  marl       -        -        -        -        -        .        -        -        -    7    0 
I^Firm  grey  marly  sandstone  piped  with  darker  green 
glauconitic  marl  from  above,  and  having  at  its  Im^e 
a  layer  of  siliceo-phosphatic  concretions  with  thick 

brown  rinds 20 

An  irregular  bed  of  grey  cherty  concretions  from  3  to    0    6. 
.  2  X  ,  Thin  layer  of  grey  glauconitic  sand     -        -        -        -    0    4 
Prominent  layer  of  large  hard  calcareo-siliceous  masses 
with   thick   brown   phosphatised    rinds  but    grey 

centres 10 

Fine  grey  glauconitic  sand  with  many  smaller  con- 
cretions of  the  same  kind  in  lower  part  -        -        -    2    0 
^      I' Two  courses  of  large  massive  cherts  with  8  inches  of 
fe-S  J     dark  grey  glauconitic  marly  sand  between  them      -    2    0 
g ;S  I  I'iriu  grey  sandstone  with  layers  of  large  lenticular 

\    cherts  at  irregular  intervals 20    0 


M    O 


o 


Still  more  recently  Mr.  J.  B.  Hue,  of  Ventnor,  has,  at  my 
buggestion,  carefully  examined  the  sections  above  mentioned, 
with  the  view  of  ascertaming  whether  they  could  bo  correlated 
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with  one  another,  so  far  at  any  rate  as  to  determine  whether 
a  common  horizon  could  be  taken  at  the  base  of  the  sandstone 
group.  As  a  result  of  his  observations  he  is  disposed  to  think 
that  the  sandstones  are  thickest  at  Ventnor  ancl  St.  Lawrence, 
and  that  they  become  thinner  to  the  eastward,  so  that  beds 
which  occupy  a  thickness  of  about  80  feet  near  Ventnor  are 
only  about  58  feet  thick  at  Gore  Clift*.  As  a  consequence  he 
believes  that  the  lowest  part  of  the  Gore  Clift'  section  (28|  feet) 
corresponds  with  the  upper  part  of  the  beds  which  are  called 
"  rubble  gault "  by  Mr.  liorman,  and  belong  to  the  group  of 
sandy  marls  or  "  passage  beds." 

Mr.  Hill  and  I  are  auite  inclined  to  agree  with  this  view,  and 
have  drawn  up  a  tabular  view  of  the  suggested  correlation,  which 
is  printed  on  the  following  page.^  This  view  has  an  importance 
bevond  the  mere  simplification  and  orderly  arrnngement  of  three 
independent  sections,  because  we  may  mfer  from  it  that  the 
Selbomian  stage,  as  a  whole,  attains  its  greatest  thickness  at 
and  near  Ventnor,  and  not  at  Gore  Cliff  as  was  previously 
supposed;  for  if  the  28J^  feet  of  sandy  marls  seen  at  the  latter 
place  belong  to  the  "  passage  beds,"  and  were  included  by  Mr. 
Simms  in  his  estimate  of  43  feet  for  those  beds,  then  the  total 
thickness  of  Gault  and  Greensand  at  Gore  Cliff  will  be  only 
232  feet  instead  of  about  260  as  had  been  imagined  by  later 
writers.  On  the  other  hand  the  complete  thickness  near  Ventnor 
is  probably  from  250  to  260  feet. 

The  chert  beds  and  the  underlying  freestones  have  long 
been  quarried  by  the  railway  station  at  Ventnor,  and  a  pocd 
Account  of  the  section  presented  in  this  quarry  has  been  given  by 
Dr.  G.  J.  Hinde,  r.R.S.,2  a^  follows  :— 

Ft.   HI. 

Chloritic  Marl  (particulars  not  given). 

Siliceo-calcareous  rock  with  bands  of  chert         -        -        -  21    0 

Siliceo-calcareous  rock         -        -        -        -        -        -        -  4    0 

Building-stone  with  a  nodular  layer  of  bluish  limestone     -  1     7 

Freestone  in  two  beds 8    0 

Beds  of  siliceo-calcareous  nodules  with  chert      -        -        -  1    4 

Freestone --49 

Hard  siliceo-calcareous  rock  with  chert       -        -        -        -  1    0 

Freestone 30 

Freestone  and  chert  to  base  of  quarry         -                         -  3    0 

47    8 

Dr.  Hinde  describes  the  higher  part  of  the  8-foot  bed  of 
freestone  as  consisting  of  quartz-sand,  glauconite,  and  mica 
cemented  by  calcite ;  the  lower  part  and  the  beds  below  differ  in 
having  some  silica  in  the  cementing  material.  "The  upper 
Layers  (21  feet)  of  this  section  so  abound  with  [sponge]  spiciileh 
that  they  may  be  considered  as  a  continuous  sponge  bed.  .  .  . 
The  chert-bands  are  enveloped  in  an  outer  crust,  of  varying 
thickness,  of  white  or  yellow  siliceous  porous  rock,  whicn  is 
interpenetrated    with    the    empty    moulds    of   spicules."     He 

»  Note.-  November,   1899.      Mr.   Hill    has  revisited    Gore    Cliff    and 
believes  this  correlation  to  be  correct. 
«  On  Beds  of  Sponge  Remains,  Phil.  Trans.  Roy.  Soc.,  1886,  Vol.  176,  p.  417, 
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Fic.  5« —Comparative  Sections  of  the  Selbornian  Sandstones  ik  tflC 

Undercliff,  Isle  of  Wight. 

Scale  12  feet  to  an  inch. 
NIAR  Njtom. 


(K)RI  Clifv. 


Cliert  Beds. 


ViaiTROR. 


FMt. 


Qny  undstuue 


Small  do^ra. 
Freustone. 


Sandstone   with 
hard  lamps. 

Iland  of  dofgcers. 


1 
5 


•_  ...I 


Sandstone  with  brown 
phosphates. 


Sandstone   with 
doggers  and  brown    ,  4 
phoq>hates. 


Sandstone  in  two  lieds. 


Sandstone  with  doggers 
In  the  middle. 


Large  grey  dogucrs. 


*h 


n 


Sandstone  with  hard 
projecting  lomjis. 


29 


Hard  irrev  du(nren>. 


Mottled  sands  and 
sandy  marls. 


Feet. 


.  •  V        N    •    *         N    '  S   < 


cniert  Beds. 
Grey  sandstone. 


Large  doggers. 


'  1 


(4rey  san<lBt<>ne.        !  1 


Freestone. 


!   Sandstone  with  small 
j  concretions. 

band  of  d(»Kgers. 


4 

1 


!  Sandstone  with  many 
;     brown  phosphates. 


8 


Hard  sandstone 
in 


two  beds. 


Soft  sandstone. 
Firm  grey  sandstone. 

Larye  grey  doggers. 


8 


Sandstone  with 

concretions  seen  for 

85  feet. 


35 


#%./«. 


'^   '      N^      -K^' 


1.  C3iert  Beds. 


'    2.  Freestone. 

S.  Kair. 

4.  Freeatone. 

5.  Hard  rag. 

6.  Sandstone. 

7.  Rag. 

! 

8.  Sandstone. 

;    0-  Kag. 

_ 

1 
1 


10.  Sandstone  wJth 
"  WhlUs.** 


11.  l:ag. 


12.  Sandstone  waather* 
ing  reddish. 


13.  Rag. 


14.  Sanditona  weather- 
ing reddish. 


15.  Kag. 


10.  Sands    with    ooo« 
(Tetinns. 


1 
9 
-I 

4 

1 

7 
1 


10 


10 


-8 


(17.  Dark  grey  rag. 
18.  Sandy  marl^ 
'  Ift.  Dark  bine  rag. 


f 


7 

8 
->8 
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distinguishes  two  kinds  of  chert  here;  one  is  Ught  brown  in 
colour,  and  consists  of  chalcedonic  silica  full  of  spicules  and 
spicular  casts ;  the  other  is  of  a  greyish  or  greenish- white  tint, 
and  the  matrix  consists  of  amorphous  silica,  only  the  enclosed 
spicules  being  of  chalcedony. 

Near  Luccombe  and  Shanklin  also  there  are  quarries  where 
some  of  the  sandstones  below  the  Chert  Beds  are  quarried  for 
building-stone,  and  particulars  of  them  are  given  in  the  Survey 
Memoir  on  the  Isle  of  Wight  (pp.  69,  70).  llio  quarrymen  call 
the  beds  firestone,  rubstone,  or  freestone  according  to  the  uses  to 
which  they  are  put ;  there  are  six  beds  separated  from  one  another 
by  layers  of  hard  ragstone,  the  total  depth  worked  for  stone  being 
between  18  and  19  feet. 

We  do  not  think,  however,  that  this  thickness  of  workable 
stone  near  Ventnor  is  to  be  regarded  as  the  expansion  of  beds 
which  are  only  7  or  8  feet  thick  in  Gore  cliflf,  but  consider  it  as 
due  only  to  a  greater  thickness  of  the  sandstones  being  free  from 
the  hard  knotty  concretions  and  lumps  which  occur  in  them 
further  west;  in  other  words,  though  the  workable  stone-beds 
increase  from  8  to  18  feet,  the  total  tliickness  of  sandstone 
probably  remains  nearly  the  same. 

Neither  does  there  seem  to  be  any  paloeontological  reason  for 
separating  these  freestones  from  tne  beds  below  them.  Mr. 
Norman  has  given  a  list  of  fossils  from  theni,^  in  which 
ArriTnonites  rostratus  and  A.  splemdens  appear,  and  if  correctly 
determined  these  species  w^ould  Unk  the  beds  to  the  Am.  rosfratus 
zone.  It  is  true  that  Dr.  Barrois  records  Fecten  (isper  from  a  bed 
below  the  Chert  Beds  at  St.  Lawrence,  which  he  describes  £ts  "  a 
greensand  with  phosphatic  nodules  covered  with  Oysters  and 
rUcatulas,**  but  we  cannot  identify  this  bed,  nor  has  our  fossil- 
collector,  Mr.  Rhodes,  succeeded  in  obtaining  Pecten  asper  from 
the  Chert  Beds  or  from  any  lower  horizon  in  the  island. 

Combining  the  information  derivable  from  the  sections  and 

observations  above  given,  we  conclude  that  the  general  succession 

of  beds  is  much  the  same  all  along  the  Undercliff,  and  that  it 

may  be  summarised  as  follows : — 

Feet 
F.  Sands  with  layers  of  calciferous  concretions,  often 

partially  phosphatised about      6 

E.  Chert  beds  -        -  22  to  24 

D.  Firestones  and  freestones  .        .        -        -  > 

C.  Sandstones  with  phosphatic  nodules  and  courses  [^  *^  '^^ 

of  large  calcareous  doggers        .        ^        .        .         J 

B.  Hough  sandstones  with  irregular  concretions      -  30  to  40 

A.  Bluish  sandy  clay  or  micaceous  silt     -        -        -        -   43  to  60 

Total  about    -        -        -        •        129  to  160 

Beds  A,  B,  C,  D  are  those  which  we  regard  as  forming  the 
zone,  or  rather  assise,  of  Amri.  rostratus;  while  E  and  F  make  up 
the  higher  zone  of  Cardrnder  fossamiis. 

'r  '  ■■   I      ■  ■    ■    ■  ■    ■  ■     «  m  ......  ■  ■  ■  ■    .         . 

*  Geol.  Ma^.,  Dec  2,  VoL  x.  pL  ix.  p.  440. 


188 


CEETACEOrs  ROCKS  OF  BRITAIN'. 


Passing  now  to  the  more  northern  exposures  along  the  axial 
ridge  of  the  island,  it  is  stated  by  Mr.  Strahan  ((/p.  cit.  p.  68) 
that  the  development  of  the  Greensand  in  the  central  parts  of 
the  island  round  (Tatcombe,  Whitcombe,  Ramsdown  and  Shorwell 
is  similar  to  that  in  Gore  clift*.  The  beds  change,  however, 
rapidly  both  to  the  eastward  and  westward,  so  that  the  coast 
sections  in  C^ulver  and  C^ompton  Bays  differ  considerably  from 
the  Undercliff  and  central  type. 

The  following  is  an  a(»count  of  the  section  in  the  cliffs  west  of 
Culyer  Point,  from  notes  taken  by  Mr.  Hill  in  1897 : — 


F 


E 


C 

and 
B 


Chloritic  Marl. 

Compact  grey  ^lauconitic  sand,  jjenetrated  by 
latches  and  pipes  of  the  overlying  marl,  and 
enclosing  at  tne  top  concretions  of  hard  siliceo- 
calcareous  stone,  Ostrea  vesiculosa     -        -        - 

Firm  grey  ^lauconitic  marly  sand,  streaked  and 
motUed  with  darker  sand,  and  having  frequent 
layers  of  siliceo-calcareous  concretions,  Ostrea 
vesictUosd 

'  Firm  grey  marly  sand,  with  darker  streaks,  contain- 
ing larger  siliceous  concretions,  some  of  which  are 
converted  into  clear  grey  or  black  chert     - 

Firm  grey  marly  sand,  streaked  as  above,  with  a 
few  brown  phosuhatic  nodules,  which  are 
frequently  arranged  in  short  layers    - 

Course  of  large  grey  calcareo-siliceous  doggers, 
some  of  which  consist  of  clear  grey  or  black 
chert 


Ft  in. 


1    0 


9    0 


2    0 


6    6 


1    0 


( Fine  -  grained  grey  glauconitic  marly  sandstone 
(enclosing  brown  phosphates),  in  beds  from  3  to 
4  feet  thick,  separated  by  three  courses  of 
doners  which  consist  of  compact  grey  calcareo- 
siliceous  stone    -        - 16 

Course  of  hard  calcareo-siliceous  doggers  -  -  1 
Grey  marly  sandstone  in  alternating  heds  of  darker 
and  lighter  grey,  with  doggers  of  grey  stone  at 
irregular  intervals  but  more  or  less  in  lines ; 
phosphates  becoming  fewer  -  -  -  - 
Grey  marly  sandstone  or  compact  sand-rock  passing 
down  into  line  bluish-grey  micaceous  sand  with 
scattered  concretionary  masses  and  no  definite 
base-line.    From  30  to 


6 
0 


12    0 


V 


35    0 


Bluish-grey  micaceous  silt  or  sandy  clay,  with 
selenite  and  pyrites,  weathering  to  a  light  blue- 
grey  mudstone,  Pecten  orbiculnris  and  Serpula 
(  Ver?niadaria)  concava 


16    0 


98    0 


From  the  alxrve  it  will  be  seen  that  the  Greensand  is  here  very  thin. 
The  lettering  indicates  the  probable  correlation  with  the  Undercliflf 
section  as  summarised  above.  The  Passage-beds  seem  here  to  be 
reduced  from  43  to  only  15  feet.  The  sands  and  sandstones  are  only 
64  feet.  The  freestones  cannot  be  distinguished.  The  Chert  beds  are 
reduced  to  less  than  10  feet  and  contain  very  little  real  chert.  But 
the  beds  F  are  thicker  than  anywhere  else  in  the  island ;  possibly 
they  in  part  replace  the  Chert  beds. 
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Inland  there  are  no  noticeable  sections  between  this  and  the 
valley  of  the  Medina,  and  it  is  only  to  the  west  of  this  valley 
that  the  Greensand  thickens,  and  that  layers  of  chert  become 
numerous  near  the  top.  The  freestone-oeds  are  recognisable 
near  Gatcombe,  Whitcombe,  and  Chillerton,  and  Mr.  Strahan 
found  (in  1888)  that  they  were  still  quarried  near  the  last  place. 
At  Shorwell  the  Chert  beds  are  quarried  for  building-stone, 
and  the  chert  in  them  is  white  and  accompanied  with  much 
chalcedony.  These  beds  can  be  followed  westward  along  the 
crest  of  the  escarpment  to  Coombe  Tower,  where  the  featiure 
begins  to  die  away  and  the  layers  of  chert  become  less  numerous. 
(See  the  Survey  Memoir  on  the  island.) 

There  is  a  good  section  of  the  Greensand  and  of  its  junction 
with  the  Chalk  in  Brook  Shute,  three  quarters  of  a  mile  north  of 
Brook  C'hurch.  The  follo^-ing  account  is  taken  from  Mr.  Hill's 
notes  (1897),  supplemented  by  some  observations  by  Mr.  Rhodes, 
who  was  sent  to  collect  from  the  junction-beds : — 


Ft.  in. 


Chloritic  Marl 


/  Chloritic  Marl  with  Amnumitesvairians 
and  Pecten  asper  -  -  -  -11 
Grep.n  sand  with  large  brown  calcareo- 
Biiiceous  doners,  many  of  which 
are  bored  hyFholas  or  Lithodomui ; 
these  are  sometimes  in  one,  some- 
in  two  layers        -        -    From  1  to 


Upper  Greensand  -  / 


0 


1    6 


/  Grey  sand  with  eroded  surface  i)ii)ed 
by  the  sand  above,  and  containing  a 
layer  of  grey  calcareous  concretions. 
About      -        -        -        -        -  10 

Soft  grey  ^lauconitic  sandstone,  full  of 
hard  siliceous  concretions  arranged 
in  layers  (but  no  clear  chalcedonic 

cherts) 14    0 

A  bed  of  darker  grey  very  glauconitic 

marly  sand,  rather  soft    -        -        -    3    6 
Firm    greyisn-buff    sandstone    with 
courses    of   large   oval  doggers  at 
intervals  of  about  6  feet,  but  fewer 
\     toward  the  base,  seen  for  about      -  60    0 


There  is  only  one  layer  of  calciferous  concretions,  and  the 
Chert  Beds  are  reduced  to  14  feet.  The  thickness  of  the 
under-lying  sandstones  is  stated  by  Mr.  Strahan  to  be  85  feet, 
and  if  tnis  is  so  the  full  thickness  oi  the  Greensand  would  appear 
to  be  about  104  feet,  without  the  "passage  beds,"  whicn  we 
include  in  the  zone  of  AmTruynite^  rostra tus,  and  which  are 
referred  to  the  Gault  by  Mr.  Strahan. 

The  section  near  Brook  enables  us  the  better  to  comprehend 
that  in  Compton  Bay,  which  differs  much  from  that  of  Gore 
Cliflf,  though  not  so  much  as  the  section  at  Culver.  The  follow- 
ing account  of  the  Compton  Bay  section  through  the  Gault  and 
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Greensand  is  chiefly  from  detailed  notes  taken  by  Mr«  Rhodes  in 

1897,  supplemented  by  a  few  notes  by  Mr.  Hill : — 

FLin, 

Chloritic  Marl  with  nodule-bed  at  base,  resting  on 

an  eroded  surface  of  bed  below. 
'Greenish-grey   sand  with  pipes  and  borings  tilled 

with  darker  green  sand  from  alx>ve,  from        1  to    1    6 
Firm  grey  glauconitic  sand  with  layers  of  small 

doggers  of  grey  calcareous  stone  -        -        -        -    8    0      * 

■p,         f  Finn  glauconitic  sandstone  with  frequent  layers  of 

'  \     siliceo-calcareous  doggers 7    0 

T>         f  Grey  glauconitic  sand  with  a  course  of  large  grey 

'  \    doggers  near  the  middle  and  another  at  base       -  12    0 

Softer  dark-grey  glauconitic  sand,  with  manv  scat- 
tered nearly  black  phosphatic  nodule-s  and  some 
hard  nodular  ma*wes  in  lower  part       -        -        -    8    0- 

Course  of  rough  brown  d(jggei*s  of  glauconitic 
ragstone        - 10 

Soft  brown  yellowish  sand 7    0       _ 

-  (  Course  of  large  grey  dogj^ers    -        -        -        -        -    1    6 

Yellowish-grey  glauconitic  sand  with  occasional 
dogger-liKe  lumps  not  in  lines      -        -        -        -  15    0 

Course  of  doggers  of  dark-grey  stone,  weathering 
brown 10 

Yellowish-grey  sand 7    0 

,  Course  of  brown  doggers  of  dark-grey  stone    -        -    1    0 

Grey  sand    weathering   yellowish    brown,  with 
dark   mottlings  and  two  irregular  courses  of 
calcareous  df)gger8  in  the  lower  i>art        -        -    12    0 
Hard  dark-grey  sandstone   -        -        -        -        -      0    6 
Streaky  sand,   brown  and  black,  with  an  irre- 
gular layer  of  doggers  at  base  -        -        -      7    0 
A              Passage  Beds — dark  sandy  micaceous  clay. 

88    6 

Mr.  Strahan  gives  the  foUoMring  details  of  the  passage-beds  :— 

Feet. 

Hard  blue  clayey  bands  with  fucoidal  markings  alternating 
with  sandy  bands 6 

Pale-blue  silty  sand  or  sandy  micaceous  clay  with  fucoidal 
markings,  weathering  yellow 30 

Sandy  clay  as  above,  but  of  a  deeper  blue       *        -        -        .      8 

Mr.  Rhodes  found  the  following  fossils  in  the  8-foot  bed  of 
sand  (23  feet  from  top) :  Ainvwnites  rostratus,  Pecten  orlyicularis^ 
Lima  sp,,  Plewt^omya.  In  the  lowest  part  of  the  Passage  beds  he 
found  Am.  roatraixia,  Oatrea  caTialiculata,  Cardita  8p.,and  Fish-> 
remains. 

The  total  thickness  of  the  two  zones  here,  therefore,  appears  to 
be  about  132  feet.  The  Passage-beds  are  quite  as  thicK  as  at 
St.  Catherine's.  The  sands  above,  too,  show  no  diminution.  Tito 
overlyii^  beds  with  layers  of  doggers  are  about  41  feet,  while  the 
succeeding  12  feet  of  grey  sand  may  represent  the  freestones  of 
more  western  and  southern  localities.  The  Chert  beds  are 
reduced  to  7  or  8  feet  of  sandstone  with  calcareous  concretions 
instead  of  cherts,  and  the  "concretion  beds"  F  are  4J^  feet 
thick  with  an  eroded  8ur£Ekce. 


B 
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In  the  following  list  of  fossils  from  the  Upper  Greeusaod  we 
have  attempted  to  show  the  vertical  distribution  of  the  species, 
but  it  will  be  seen  that  there  are  some  which  cannot  at  present 
be  definitely  located,  and  which  thus  appear  only  in  the  sixth 
column.  From  this  arrangetnent,  however,  local  geologists  and 
collectors  will  perceive  that  there  is  still  useful  information  to  be 
obtained  about  the  occurrence  of  certain  species. 

The  list  has  been  compiled  from  a  miiuber  of  sources,  which 
are  indicated  by  letters, 

C  =  Common,  i.e.  in  most  collections'. 

B  ^  In  the  collection  of  the  British  Musenm. 

S  =  In  the  collections  of  the  Geological  Survey. 

d  =  Recorded  by  Dr.  Ch.  Barroia  in  his  Recherchea  sur  le  terrain 

Urttace  Superieur.  1876. 
e    =  In  the  collection  of  Mr.  J.  C.  Eccles  of  Preston  and  Ventnor. 
f    =  Recorded  by  Dr.  Fitton. 
h    =  In  the  collection  of  Mr.  J.  B.  Hue  of  Ventnor. 
i     =  Recorded  by  Captain  Ibbetson. 
k    =  Collected  by  Mr.  M.  Norman  for  the  author,  1880. 
n    =  Recorded  by  Mr.  Nonnan  in  Geol.  Ma«.,  Dec-  2,  Vol.  ix.  p.  440. 
p    =  Recorded  by  Mr.    C   Parkinson  in  Quart   Journ.  Geol.  Soc., 

Vol.  xxxvii;  p.  370. 

The  foMtUs  collected  at  varioutt  times  for  the  Geological  Surv^  have  been 
named  by  MesHrs.  Ktheridge,  Sharman,  and  Newton.  ThoHe  under  the 
letters  e,  h,  and  t  have  been  determined  by  myself,  and  it  will  be  seen  that 
the  collectiiins  of  Messrs.  Hue  and  EccleB  contain  many  species  which 
have  not  been  recorded  previously.  Our  thanks  are  specially  due  to  these 
gentlemen  for  so  kindly  forwarding  their  fossils  for  detenuioatioa. 
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List  of  Fossils  from  the  Passage  Beds  and  Upper  Greensand — coiU. 


Ctphitop<tda- 


Litlorink  orliikU,  .S-nr.  (Ii 
Bmll(»0«nU,SnB,  (-— -' 


T<irt>o  iimbleinitlciu,  f. , 
Tntrltsllii  >p.  (cut) 


iM  fiuUQiraitdi  iela^ 


hi1liaunil,».>f. 


Cunatantl !,  <f  Or6. 
Corbli  «p. 

CncuUiDi  carlniiU,  S'nf. 

,.        jl.bra  i.  fl-nr. 

CfliTliia  anpilBtk,  Hair.- 

,       "I".  -       ■ 

Cj'thena  plaiu 

Etogyn  M 


_Dnli».  .lioui. 
„       dlgltats.  Sb<i:  (-  UcinUU) 
.,       Iidlotoldn.  Sow. 
,.       nnllnlatik  ifQrA. 


raallulBiu.  il'Ort. 
^l^  nov,  (18  rih.)  - 
■p.  aov.  (38  ribi}  - 


Htendi  r,  If  Or«. 
UGaUta,8iw. 

,_.jro»tm>,  a™. 

fnmi  (— ouiniM) 
„      TlmUi.G>iUr.    - 

•■■IobIuU.  Loin. 
.  'TMlaDlim,  Sdv. 
FmUd  mht,  Lam. 
„  OdUnuHL  (f  Or«. 
„  UlnldU.  Oili/.  • 
„      OTMenluli,  5hc>. 


f       IpralAblj  m  /'/turvfoniaHii). 


h     (I* 
-dp' 


I  In  tbe  MdMOm  of  tbs  UM- 


i  |/    mj 


tnnltnt*.  Vartnor. 
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list  of  Fossils  from  the  Passage  Beds  and  Upper  Greensand — cont. 
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Pllci'WUiS^l«.&.ir.   . 

Thetli  Sowsrbrl.  iUm. - 

TrigoBl.  (lllomiH /Mri.      -       -       ■ 

w!i^i[m^'iv^.   :    :    :    : 

Llneala  mbonUi.  Mil. 

^^,           dlmi5uu,  s™-.      ■       - 
_  in.  coana.  Scat. 
puTlmtria  r,  Sow. 
SEhloulKcbl.  Dai. 

anta,£SHr. 

TBnb«WUa  pKllU.  .s™-.    ■       -       - 

omopocH.. 

•  MmUoned  In  Lj™wi  Mon-v 
I  Uentkinctl  b;  Dartdian 

e«rpuU>i.tlquU,&v.       -      .      . 

D       (Vsrmicalulii)  coiicBim,  »■«■.  ■ 
.       "P- 

C*rdluUrloM«rliu,.fini. 

: 
■ 

Spon^ida. 
AllMlU>tTliu.Hi~I<-       •        -       ■ 

aiphoototoup»,z.««i  ■     .     ■     ■ 

Plaaia. 
CU(hnrlaLT«m,Jr<int. 

' 

I  M«nllon«l  hj  Or.  Binds. 
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List  of  Fosiiils  from  the  Pnssago  BedHAnd  Upper  Groensaiid— 


CHAPTER  X. 

GAULT  AND   UPPER   GREENSAND  (SELBORNIAN) 

IN  SOUTH  DORSET. 

General    Description. 

It  will  be  eonvcaiicmt  to  descrilx)  the  Dorset  coast  after  the  Isle 
of  Wij^'ht.  l)('(aus(*  South  ])oi>;ot  is  striu'turally  a  continuation  of 
that  island,  ami  luM-auso  Puntield  Cove  nciir  Swanage  is  less  than 
20  miles  west  of  Conipton  Ray. 

In  this  distance,  liowever/ certain  chan<^es  have  taken  place; 
The  total  thicfkness  of  the  formation  has  increased  from  132  to 
15()  feet,  yet  there  is  nothin*^  to  represent  the  (*hert  Beds  as 
distinct  from  the  concretion  beds  (F),  and  there  is  no  longer  a 
passiige  from  Greensand  to  ( 'balk.  At  Lulworth,  however,  sauds 
with  true  chert  set  in  again  and  attain  a  thickness  of  9  or  10  feet. 

A  remarkable  point  in  the  stratigraphy  of  this  area  is  the 
sudden  termination  of  the  Lowxr  Greensand  between  Mupe  Bay 
and  Lulworth  Cov(^^  It  is  difficult  to  say  exactly  now  it 
terminates,  because  in  Muix)  Ray  there  is  much  faulting  and 
crushing  out  of  the  Gault  and  Lower  Greensand,  while  in  Lulworth 
Cove  the  Gault  rests  on  the  Wealden  with  a  marked  plane  of 
erosion.  Mr.  Strahan  believes  that  the  Gault  becomes  uncon- 
formable to  the  Lower  Greensand,  but  it  is  certain  that  the  Lower 
Greensand  is  thinning  out  westward,  and  there  may  not  have  been 
much  of  it  left  near  Lulworth.  Whatever  explanation  is  offered, 
the  fact  remains  that  in  South  Dorset  the  Gault  and  LTpper 
Greensand  dissociate  themselves  from  the  Lower  Cretaceous  Senes, 
pass  across  the  Wealden  Reds,  and  thence  across  the  outcrops  of 
the  successive  members  of  the  Tppir  J  urassic  Series. 

It  is  also  noteworthy  that  wh«ro  the  Gault  overrides  the  Lower 
Greensand  on  to  the  Wealden  its  thickness  is  locally  diminished, 
as  if  the  Wealden  formed  a  low  ridge  or  bank  over  which  less 
dcj)osit  took  place  than  over  those  parts  of  the  sea-floor  which 
lay  to  the  cast  and  west  of  it.  Thus  in  Lulworth  and  Durdle 
Coves  the  total  thickness  of  the  formation  is  onlv  about  130  as 
compared  with  1()7  at  Worbarrow  and  over  150  at  White  Notho. 

The  im|M)ssibility  of  separating  Gault  from  Upper  Greensiuid  in 
anv  but  a  litliolomcal  sense  is  clearlv  demonstrated  in  this  series 
of  coast-sections.  The  (Jault  (clay)  is  credited  with  a  thickness 
of  91  feet  at  Punfield  and  only  about  40  feet  at  Ringstead  Bay, 
the  total  thickness  of  the  stage  being  about  the  same  in  each 
locality;  the  obvious  explanation  is  that  the  upper  50  feet  of 
what  is  called  Gault  near  Swanage  ha.s  become  so  sandy  at 
White  Nothe  that  it  has  l:K3on  called  Greensand  at  the  latter 
place.  Further  westward  the  Gault  can  no  longer  be  mapped 
separately  from  the  Upper  Greensand,  and  is  included  in  the 
Upper  Greensand  on  the  maps  of  the  Geological  Survey. 

How  much  of  this  Dorset  Gault  is  Lower  Gault  belonging  to 
the  zones  of  Aramnnifes  interrnptus  and  Am.  lautits  has  not 
been  ascertained  owing  to  the  obscurity  of  the  sections,  the  paucity 
of  fossils,  and  the  extreme  rarity  of  Ammonites  in  the  lower 
beds.     It  is  known,  however,  that  the  zone  of  Am,  iniermptua 

^  See  Geology  of  the  Isle  of  Piirbeck,  Mem.  (Jeol.  Survey,  by  A.  Strahan, 
p.  141  (1H98).  " 
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exists  near  Shillhigton  in  North  Dorset,  and  wc  Imvo  little  doubt 
tliat  tower  Gault  extends  at  least  as  far  west  as  Osmington  in 
South  Dorset,  and  probably  as  far  as  Seaton  in  Devon  (see  p.  188). 
The  zone  of  Ammmiites  rod  rat  its  occupies  as  usual  the 
greater  part  of  the  combined  Gault  and  Greensand,  and  Prof.  Ch. 
Barrois  has  shown  that  its  fauna  near  Lulworth  resembles  that  of 
the  Blackdown  beds. 

Stratiuuaphical  DtrrAiLs. 

Tlie  information  in  this  chapter  hits  been  derived  chiefly  from 
the  memoii-s  of  Prof.  Barrois,^  Mr.  Strahan,^  and  Mr.  H.  G.  Ford- 
ham.3  The  beds  have  not  been  examined  personally  either  by 
Mr.  Hill  or  mvself 

The  section  m  liallard  Hole  or  Puntield  Cove  near  Swanage 
was  well  described  by  Mr.  H.  G.  Fordham  in  1876  and  was 
subsequently  measured  by  Mr.  Strahan  in  1888.  As  Mr. 
Fordharti  spent  several  days  in  measuring  the  several  parts  of 
the  Greensand  and  in  collecting  its  fossils,  we  shall  follow  his 
description  in  the  main ;  correctmg  some  points,  however,  by  Mr. 
Strahan's  measurements,  and  adopting  his  estimate  of  the  total 
thickness  of  the  stage  at  this  locality.   The  section  is  as  follows: — 


2k)ne  of  Pectin 


as2>er.  - 
10  feet. 


-  -\ 


/^  Nodular  Siuulstone,  consisting  of  irregular 
luni]>H  of  hard  com|vact8and.stoneenilKidde<l 
in  grt'enish  sand,  JWfni  aK/>er,  Ostiea 
vesicif/oiui^  Ter.  jm-titny  and  other  ftwsils, 
0,l)OUt  - 

Light  groiMisauil  with  a  few  calcareoius  con 

•     cretions alwmt 

^  Greensand  with  scattered  fragments  of  brown 
phosphate  and  of  broken  shells,  A  mmonites 
rostra  tits  and  many  Vermiculnritt  coacavti^ 
alM»ut  

Dark  green  sand  with  three  layers  of  hard 
sendstone  dr»ggers  which  in  places  form 
C(mtinuous  layers,  \RhynclnmtUa  yonvexa^ 
about  

Bluish  greenstind  with  an  irregular  layer  of 
stone  in  the  middle,  and  ^ith  rolled  phos- 
phatic  fossils    -----  about 

Continuous  bed  of  hard  stone  weathering 
li^ht  blue  with  white  veins 

Bluish  sandy  clay  with  some  hard  stony 
lumps,  and  a  continuous  bed  of  hard  stone 
at  the  base,  Amfiumites  rostmtn*^  Area 
carintitn^  Thetis  Sowerbifi^  Dentaliuin 
decussatum,  Venntadanay  and  others 

lUuish-green  sandy  clay,  almost  black  when 
wet,  i)a.s8ing  down  into  stiffer  less  sandy 
clay  ;  very  few  fossils  to  be  seen.  Thick- 
ness estimated  at 

Basement-bed       A  thin  layer  of  pebbly  sandstone  - 


Ft.  in. 


6 
4 


0 
0 


Zone  of  Amino 
nites  rostratus. 


14    0 


6     0 


55 


feet. 


15 
1 


0 
6 


20    0 


Gault 


91 
0 


0 
4 


Total 


about    156    0 


Here,  as  in  the  Isle  of  Wijjjht,  different  observers  might  hold 
different  opinions  as  to  the  thickness  a.ssignable  to  the  Gault  and 

*  Kecherches  sur  le  Terrain  Crrtace  Supt-rieur,  Lille,  1876. 

*  Geoiop'  of  the  Isle  of  Purbeck,  Mtm.  Gcol.  Survey,  1898. 
•Chlontic  Marl  and  Upper  Qreennand  of  Swanage  Bay,  Proc.   Geol. 

Absoc.,  VoLiv.  p.  506. 
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to  the  Qreensand  respectively.  Both  Mr.  Fordham  and  Mr.  Straliatl 
felt  some  doubt  whether  the  20  feet  of  bluish  sandy  clay  should 
be  classed  as  Gault  or  as  Greeiisaud.  As  a  matter  of  fact 
no  such  division  is  possible  except  in  the  most  general  way ;  the 
lower  clayey  part  of  the  stage  may  be  called  "  Gault,"  and  the 
upper  part  is  unquestionably  "Greensand,"  but  between  these 
two  parts  is  30  or  40  feet  of  sandy  clay  which,  so  far  as  lithological 
character  goes,  might  be  classed  with  either.  This  sandy  clay  no 
doubt  corresponds  with  what  Mr.  Strahan  has  very  naturally 
termed  the  "  Passage  beds  "  in  the  Isle  of  Wight. 

A  classirication  by  zones  should  be  more  satisfactory,  but  m 
consequence  of  the  rarity  of  fossils  in  the  argillaceous  beds  we 
cannot  be  certain  whether  the  91  feet  classed  as  "Gault"  in 
the  i|,bove  description  is  wholly  referable  to  the  Lower  Gault, 
or  whether  some  of  it  belongs  really  to  the  Upper  Gault  (zone  of 
AiriTiwaUes  rodrotus).  There  can  \)o  no  doubt,  however,  that  the 
overlying  55  feet  belongs  to  that  zone ;  this  part  corresponding 
with  the  gi-oups  B  and  C  of  the  (.'ompton  Bay  section,  whicn 
have  about  the  same  thickness. 

The  two  highest  beds,  which  are  together  less  than  10  feet, 
represent  the  highest  22  A  feet  of  the  Greensand  in  Compton  Bay, 
and  the  nodular  character  of  the  topmost  sandstone  suggests  that 
it  is  the  equivalent  of  the  sands  with  calcareous  concretions 
which  occupy  a  similar  position  in  the  Isle  of  Wight.  There  is 
nothing  to  represent  the  Chert  Beds,  which  must  be  regarded  as  a 
local  development  due  entirelv  to  the  growth  and  decay  of  sponges 
over  certain  parts  of  the  sea-noor. 

Parsing  across  the  Isle  of  Purbeck,  a  distance  of  11  or  12  miles, 
we  come  to  another  complete  section  in  Worbarrow  Bay,  and  the 
measurements  taken  by  Mr.  Strahan  show  that  the  total  thickness 
of  the  stage  is  somewhat  greater  there  than  at  Ballard  Hole. 

Section  of  Gault  and  Upper  Greensand  at  Worbarroiv  Bay, 

Chalk  Marl.  Ft  in. 

Sand    with    irregular   lumps   of   hard 
Zone  of  calcareous  stone  -        -        -        -        -      4    8 

i>«c<e«a.^Jl^*'-l'«'««T°f'n'^f*r        "        -.-30 
27  feet       '  JL«umpy  rock,  full  of  Exogyra   conica, 

i      Pecfen  asper,  P,  quiiiqueco8tatu$^  <kc.  -     10    0 
I.  Soft  greensand        -        -        -        -        -    10    0 
'  Soft  greensand  with  layers  of  calcareous 
stone  in  separate  blocks,  Vermicidariu 

and  Ex.  conica 40    0 

Loamy    greensand     becoming    darker 

-{      below.    At  the  base  is  a  layer  of  phos- 

phatic  fossils,  Kaiicay  Pl€uroto7nari<iy 

Exogyra  conica ^  &c.     -        -        -        -    32    0 

Dark  greensand  with  several  layers  of 

calcareous  stone 7    0 

"  Dark-green  clayey  sand  with  a  few  lay- 
ers of  stone,  Lima  jxii^allehj  Pecten 
orbicularis,  Natica,  &c.       -        -        -     18    0 
Lower         Darker  and  more  clayey  micaceous  sand 
Gault      -{      or  sandy  clay,  becoming  more  clayey 

64  feet.  below 42    0 

Brown  sandy  clay  passing  into  next       -      3    0 
Conglomerate   of    quart^ite  pebbles  in 
brown  clay 10 


Zone  of 
Ammonites 
rostra  tuSy 

79  feet. 


167    0 


flktBOilKUKj  LtLWORTH, 


I4t 


The  arrangement  in  zones  is  my  own,  and  in  the  absence  of 
Recorded  fossils  from  the  upper  ten  feet  of  soft  grcensand  it  is 
doubtful  whether  they  should  be  classed  in  the  zone  of  Pecten 
asper  and  Cardiaster  fossarius.  In  any  case,  however,  this  zone 
is  thicker  than  near  Swanage. 

It  will  be  noticed  that  there  is  also  a  greater  thickness  of 

{flauconitic  sands,  and  that  stone-beds  occur  down  to  a  much 
ower  horizon  than  at  Ballard  Hole,  leaving  a  much  less  thickness 
of  sandy  clay  or  "  Gault."  There  is  in  fa(».t  not  more  than  45  feet 
which  can  be  called  clay,  but  1  have  ventured  to  include  the 
clayey  sand  with  Lima  2>(trallelu  as  Lower  Gault,  in  the  absence 
of  any  evidence  to  the  contrary. 

The  Gault  has  here  a  distinct  pebbly  basement-bed,  which  is 
thicker  than  the  similar  bed  at  Ballard  Hole,  and  from  this  point 
westward  this  pebble-bed  dissociates  itself  from  the  Lower  Green- 
sand  and  clearly  belongs  to  the  Upper  Cretaceous  series,  though 
it  varies  much  in  thickness. 

A  tabular  view  of  this  section  is  given  on  page  149, 
and  compared  with  other  sections  along  the  south  coast. 

In  Mupe  Bay  the  Upper  Greensand  is  greatly  crushed,  and 
portions  seem  to  be  faulted  out,  so  that  no  continuous  section  of 
It  can  be  obtained. 

Mr.  Strahan  did  not  find  the  section  in  Lulworth  Cove  a  good 
one  when  he  saw  it,  but  it  seeius  to  have  been  much  clearer  in 
1875  when  examined  by  Prof  Barrois,  who  gave  a  detailed  account 
of  it  with  lists  of  the  fossils  which  he  had  collected.  The 
following  is  a  translation  of  Prof  Barrois'  account,  but  in  reversed 
order  and  re-numbered : — 


Zone   of  Pecten 
cuper 
21  feet. 


Zone  of  Ammon- 
ites rostratui   - 
92i  feet. 


20.  Coarse  quartzose  sandstone  with  some 

glauconite  grains,  passing  down  into 

white  fine-grained  sandstone  with  little 

glauconite,  containing  layers  of  chert 

^  19.  Greensand  with   phosphatised  fossils, 

Pecten  asj^r 

18.  Glauconitic  calcareous  sandstone 
17.  Marly  greensand,  with  Pecten  asper 
V        and  many  ijhospnatic  fossils 
/1 6.  Calcareo-siliceous  sandstone 

15.  Greensand - 

14.  Calcareo  -  siliceous    sandstone,     with 
pitted  surface     ".-"."" 
13.  Greensand  with  Vei^iiculatHa  concava, 
and  Ostrea          -        -        -        -        - 
12.  Calcareous  sandstone  with  large  grains 
of  glauconite,  many  Janira  i-costata 
of  large  size        -        .        -        -        - 
11.  Sand  with  a  bed  of  Ostrea  vesiculosa 
at  the  base  and  some  fossils  in  phos- 
phate of  lime 

10.  Sandstone  with  Serjndoe     -        -        - 
9.  Greensand,  including  a  layer  of  small 
oysters  with  some  piiosphatic  nodules 
8.  Nodules  of  calcareous  sandstone  in  a 
discontinuous  layer ;  numerous  fossils 
7.  Greyish -black  micaceoas  sand,    with 
y       gypsum,  pyrites,  and  thin  layers  of 
pnosphatic  fossils       .... 


Ft.  in. 


11    6 


1 
1 

6 
1 
1 


6 
6 

6 
0 
6 


3     3 


6    0 


3     3 


6 
0 


6 

8 


1060. 


8    6 
1     6 

6    6 
K2 
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Ft.  in, 

6.  (Ireenish-grey  sandstone,  Verniicularia 

concavay  Jaiaiu  i-costata  -        -        -  0    6 

6.  Greensand  poor  in  fossils    -     "  -        -  30    0 
4.  Greyish  stone,  Vennicularia  concava^ 

Exogyra  cornea 16 

3.  Sand 6    6 

2.  Soft  argillaceous  and  micaceous  sand- 
rock    16 

1.  Black  sandy  day  (Gault),  seen  for       -  15    0 


Zone  of  Ammon- 
ites     rostratus  -( 
— cont. 


113    8 


Here  also  estimates  of  the  thickness  of  the  Gault  have  varied. 
Fitton  made  the  total  thickness  142  feet,  assii^ning  06  to  the 
Gault  and  76  to  the  (iretjnsiind.^  Barrois,  in  tlie  section  above 
quoted,  makes  tlio  (Ireensiind  alK)Ut  1)1)  feet,  wiiicth,  if  Fitton's  total 
were  correct,  would  leave  43  to  the  Gault ;  but  according  to  Mr. 
Strahan's  measurement  the  thic^kuoss  of  the  clayey  part  is  not 
more  than  28  feet,  and  that  of  the  (Jreensand  witliout  the  top- 
most bed  is  101  feet ;  if  this  top  bed  (about  6  feet)  is  added  w© 
have  a  totul  of  185  feet. 

In  Durdle  Cove  th(U-e  is  a  good  exposure  of  the  upper  bcds> 
whicli  are  descrilxjd  by  Mr.  Strahan  as  follows^: — 

Fesi. 

Hard  white  calcareous  sandstone 3 

Greensand  with  lumps  of  hard  white  stone      .        .        -        -  3 
Hardened  sand  with  nwlules  of  chert  and  irregulai*  masses  of 

chert  in  the  lower  -2  feet 6 

Dark  green  loamy  siind 1 

Greensand  with  chert 2 

Dark  greensand  with  3  or  4  bands  of  cherty  stone,  Hxi>gyra 

lumiva  and  Pecten  (Neithea)  .'i-fV>it^iY/iiK abundant  -         -  7 

Greensand  with  very  lumpy  cherts 2 

24 

The  section  is  continued  in  Man  of  War's  Cove,  which  shows  84 
feet  of  greensand  getting  darker  and  more  loamy  below,  at  the 
bottom  of  which  is  a  conspicuous  ferruginous  band  about  a  foot 
thick ;  below  this  is  22  feet  of  dark-blue  Siindy  clay  with  a  thin 
pebble-bed  at  the  base  consisting  of  quartz  pebbles  from  the  size 
of  a  pea  up  to  2  inches  long.  This  rests  on  Wealden  Beds  with 
a  marked  plane  of  erosion. 

Hero  also,  then,  the  beds  referable  to  the  Gault  do  not  esceed 
24  feet  in  thickness;  the  zone  of  Am,  roatnihis  is  84  feet,  and 
the  zone  of  Pecten  anper  is  24  feet.     Total  al)out  132  feet. 

Two  miles  ftirtlier  west,  at  White  Notho,  Mr.  Strahan  was 
agatn  able  to  measure  sections  which  show  a  thickness  of  more 
than  160  feet,  an  increase  of  18  feet.  Combining  the  section  at 
White  Nothe  itself,  where  the  up|xjr  beds  are  well  seen,  with  that 


*  Trans.  CJeol.  Soc,  Ser.  2,  Vol.  iv.  i).  210. 

'^  Geoh)g>'  of  the  I.  of  Purbcck  and  Wejmouth,  p.  153i 
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C 
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Greensand  is  chiefly  from  detailed  notes  taken  by  Mr.  Rhodes  in 
1897,  supplemented  by  a  few  notes  by  Mr.  Hill: — 

Chloritic  Marl  with  nodule-bed  at  base,  resting  on 

an  eroded  surface  of  bed  below. 
Greenish-grey   sand  with  pipes  and  borings  filled 

with  darker  green  sand  from  above,  from        1  to    1    6 
Firm  grey  glauconitic  sand  with  layers  of  small 

doggers  of  grey  calcareous  stone  -        -        -        -    3    0 

i  Firm  glauconitic  sandstone  with  frequent  layers  of 

\     siliceo-calcareous  doggers 7    0 

I  Grey  glauconitic  sand  with  a  course  of  large  grey 

\    doggers  near  the  middle  and  another  at  base       -  12    0 

/  Softer  dark-groy  glauconitic  sand,  with  many  scat- 
tered nearly  black  phosphatic  nodulas  and  some 
hard  nodular  masses  in  lower  part       -        -        -8    0- 
Course  of    rough    brown    doggers    of    glauconitic 

ragstone        - 10. 

Soft  brown  yellowish  sand 7    0^ 

-  (  Course  of  large  grey  dog^^ers    -        -        -        -        -    1    6 
Yellowish-grey    glauconitic    sand    with  occasional 

dogger-lilce  lumps  not  in  lines      -        -        -        -  16    0 
Course  of  doggers  of  dark-grey  stone,  weathering 
brown  -        -        -        --        -        -        -        -10 

Yellowish-grey  sand 7    0 

,  Course  of  brown  doggers  of  dark-grey  stone    -        -    1    0 

Grey  sand    weathering   yellowish    brown,  with 
dark   motthngs  and  two  irregular  courses  of 
calcareous  doggers  in  the  lower  jmrt         -        -    12    0 
Hard  dark-grey  sandstone   -        -        -        -        -      0    6 
Streaky  sand,  brown  and  black,  with  an  irre- 
gular layer  of  doggers  at  base  -        -        -      7    0 
A          ^  Passage  Beds — dark  sandy  micaceous  clay. 

88    6 

Mr.  Strahan  gives  the  following  details  of  the  passage-beds : — 

Feet. 
Hard  blue  clayey  bands  with  fucoidal  markings  alternating 

with  sandy  bands 6 

Pale-blue   silty  sand  or  sandy  micaceous  clay  with  fucoidal 

markings,  weathering  yellow 30 

Sandy  clay  as  above,  but  of  a  deeper  blue        ....      8 

Mr.  Rhodes  found  the  following  fossils  in  the  8-foot  bed  of 
sand  (23  feet  from  top) :  Ammonites  rostratne,  Pecten  orbicularis, 
Lima  ap.,  Pleuromya,  In  the  lowest  part  of  the  Passage  bedis  he 
found  -4m.  roatratus,  Ostrea  canaliculata,  Ca/rdita  sp,,  and  Fish- 
remains. 

The  total  thickness  of  the  two  zones  here,  therefore,  appears  to 
be  about  132  feet.  The  Passage-beds  are  quite  as  thick  as  at 
St.  Catherine's.  The  sands  above,  too,  show  no  diminution.  TUo 
overlying  beds  with  layers  of  doggers  are  about  41  feet,  while  the 
succeeding  12  feet  of  grey  sand  may  represent  the  freestones  of 
more  western  and  soutnem  locaUties.  The  Chert  beds  are 
reduced  to  7  or  8  feet  of  sandstone  with  calcareous  concretiona 
instead  of  cherts,  and  the  "concretion  beds"  F  are  4 J  feet 
thick  with  an  eroded  surfEice. 
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In  tho  following  list  of  fossils  from  tho  Upper  Greensand  w© 
bare  attempted  to  show  the  vertical  distribution  of  the  species, 
but  it  will  be  seen  that  there  are  some  which  cannot  at  present 
be  definitely  located,  and  which  thus  appear  only  in  the  sixth 
column.  From  this  arrangement,  however,  local  geologists  and 
collectors  will  perceive  that  there  is  still  useful  information  to  be 
obtained  about  the  occurrence  of  certain  species. 

The  list  has  been  compiled  from  a  number  of  sources,  which 
are  indicated  by  letters, 


C  =  Common,  i.e,  in  most  oUectiims. 

B  =  In  the  collection  of  the  Britinh  Miueum. 

5  =  In  the  collectioiM  of  the  UeoloKicol  Survey. 

d   =  Recorded  by  Dr.  Ch.  Barroia  in  hu  Recherche^  aur  le  terraiii 
Cretace  Superieur.  1876. 

6  '^  In  the  collection  of  Mr.  J.  C.  Ecclea  of  Preston  and  Ventnor. 
f    =  Recorded  by  Dr.  Fitton. 

h    =  In  the  collection  of  Mr.  J.  B.  Hue  of  Ventnor. 
i    =  Recorded  by  Captain  Ibbetson. 
k    =  Collected  by  Mr.  M.  Norman  for  the  author,  IBBO. 
n    =  Recorded  by  Mr.  Nonnan  in  Geol.  Mag,,  Dec-  2,  Vol.  \x.  p.  440, 
p  =  Recorded  by  Mr.   C.  Parkinson  in  Quart.  Joum.  Geol.  Soc., 
Vol.  xxxvii,  p.  370. 

The  foaails  collectud  at  various  times  for  the  Geoliigical  Survt^r  have  been 
named  by  Messrs.  Etheridge,  Sharman,  and  Newton.  Those  under  the 
letters  e,  ft,  and  k  have  been  detennined  by  myself,  and  it  will  be  seen  that 
the  collections  of  MeaHrs.  Hue  and  lilccleB  contain  many  speciea  which 
have  not  been  recorded  nreviouHly.  Our  thanks  are  specially  due  to  these 
gentlemen  for  so  kindly  forwarding  their  fossils  for  determination. 


List  of  Fossils  from  the  Passaoe  Behs  and  Upper 
Gbeensanu,  Isle  of  Wight. 
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List  of  Fossils  from  the  Passage  Beds  and  Upper  Greensuid — cont. 


1 1  f 


BBlemnlta  niiulmt 


J^Ktrrtuii  Putliuoiii.  sov.  - 


LIUorliu  csriniU,  S-a.  (la  FlU.) 
NUInOentl.Snw.  (-BanlKu}  - 
Flenrutoniu'li  tp.  (with  ihaU) 


Turin  prableinatloai,  P.  it  R, 

TniriMII*  ip.  (cut) 

Lamfliibranehiala  ^ 


CudiUt 


^l-.A  Ha«x. 
™spMl«>)      - 

ELulcoila,  3tifp. 


Cucallni  orinikt*,  Son-. 

BUhni  i,  .triir. 

Cj'prtii&  iDgaLitk,  .SvN-.' 


dWtkti,  Sav.  (-  lacinlattt) 
hiaiMoidcik,  .«w.    - 


InMeiuntu  nnpinqani,  Go 


,  vBAltmlnsa,  Sow^ 

,,  Oi^Kaiiel.  'itOii. 

.,  hUpldiu.  GvUf.  ■ 

„  arUonlirU,  mt. 


-,   -I   - i  s  ,  k 


m;  iQitltalc,  VentDOT, 
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Bmnuki. 

TtBit,D(JIMbBiL)iiatihlootUWt,Soa. 
,      (    ..    IqninqiiecMUW.,*™.    - 

-T^pWr'^r^-; 

peutlnoIdH,  Soir.  ■ 
linilllDm,  ITwxtH'.    •       -       - 

rtlUn«  tmoqnJIi,  Fkil. 
ThaUaSowerbji.  JtniH.  . 
TrlBoni.HHomK/'a-*.      ■       -       - 

'       labrlctiU.  I'm. 

onU.Suv. 

Cwlopimip. 

Hoplopvl*  Sul)^ 

BnpuIauUqiutii.  5<iir. ' 

(knUuter  loairin,  Am.     . 

,              <liienM«d(l.  irH(WK    ■ 
BenlHUr  mtnimai,  J;>.      -       -       - 

HoU«aTl«Xd>2»>:.-                        '. 
AxJnelta  itjliB,  Wind"  ■ 

SS!'!St;r»'-  ;   :   : 

Blpl«iiil»luUl«.jr«W  .       .       .       . 
CUthnil*  LriULMailt: 

; 
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d 
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: 

hp 

i 

h 
b 

b 

! 

i 

8 

; 

h 

: 

a 
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gnph. 

•  Usntlontd  b;  Ljcitt 

I  Hentlooed  b;  DaTtduti 

I  MentioniNl  Iv  Dr.  Ulnrtt. 
I  MinlloDtd  b/  Dr.  Blnils. 

CHAPTER  X. 

GAULT  AND   UPPER   GREENSAND  (SELBORNIAN) 

IN   SOUTH  DORSET. 

General    Description. 

It  will  be  convenient  to  describe  the  Dorset  coast  after  the  Isle 
of  Wight,  because  South  Dorset  is  structurally  a  continuation  of 
that  island,  and  because  Punfield  Cove  near  Swanage  is  less  than 
20  miles  west  of  Conipton  Bay. 

In  this  distance,  however,  certain  changes  have  taken  place: 
The  total  thickness  of  the  formation  has  increased  from  132  to 
15()  feet,  yet  there  is  nothing  to  represent  the  Chert  Beds  as 
distinct  from  the  concretion  beds  (F),  and  there  is  no  longer  a 
passiige  from  Greensand  to  Chalk.  At  Lulworth,  however,  sands 
with  true  chert  set  in  again  and  attain  a  thickness  of  9  or  10  feet. 

A  remarkable  point  in  the  stratigraphy  of  this  area  is  the 
sudden  termination  of  the  Lower  Greensand  between  Mupe  Bay 
and  Lulworth  Cove.^  It  is  diflScult  to  say  exactly  now  it 
terminates,  because  in  Mupe  Bay  there  is  much  faulting  and 
crushing  out  of  the  Gault  and  Lower  Greensand,  while  in  Lunvorth 
Cove  the  Gault  rests  on  the  Wealden  with  a  marked  plane  of 
erosion.  Mr.  Strahan  believes  that  the  Gault  becomes  uncon- 
formable to  the  Lower  Greensand,  but  it  is  certain  that  the  Lower 
Greensand  is  thinning  out  westward,  and  there  may  not  have  been 
much  of  it  left  near  Lulworth.  Whatever  explanation  is  oftered, 
the  fact  remains  that  in  South  Dorset  the  Gault  and  Upper 
Greensand  dissociate  themselves  from  the  Lower  Cretaceous  Senes, 
pass  across  the  Wealden  Beds,  and  thence  across  the  outcrops  of 
the  successive  members  of  the  T'^pper  Jurassic  Series. 

It  is  also  noteworthy  that  wh<*re  the  Gaidt  overrides  the  Lower 
Greensand  on  to  the  Wealden  its  thickness  is  locally  diminished, 
as  if  the  Wealden  formed  a  low  ridge  or  bank  over  which  less 
deposit  took  place  than  over  those  parts  of  the  sea-floor  which 
lay  to  the  east  and  west  of  it.  Thus  in  Lulworth  and  Durdle 
Coves  the  total  thickness  of  the  formation  is  only  about  130  as 
compared  with  107  at  Worbarrow  and  over  150  at  White  Nothe. 

The  inipossil)ility  of  separating  Gault  from  Upper  Greensand  in 
any  but  a  Hthological  sense  is  cWrly  demonstrated  in  this  series 
of  coast-sections.  The  Gault  (clay)  is  credited  with  a  thickness 
of  91  feet  at  Punfield  and  only  about  40  feet  at  Ringstead  Bay, 
the  total  thickness  of  the  stage  being  about  the  same  in  each 
locality;  the  obvious  explanation  is  that  the  upper  50  feet  of 
what  is  called  Gault  near  Swanage  has  become  so  sandy  at 
White  Nothe  that  it  has  been  called  Greensand  at  the  latter 
place.  Further  w^estward  the  Gault  can  no  longer  be  mapped 
separately  from  the  Upper  Greensand,  and  is  included  in  the 
Upper  Greensand  on  the  maps  of  the  Geological  Survey. 

How  much  of  this  Dorset  Gault  is  Lower  Gault  belonging  to 
the  zones  of  Ainmonitvs  inferruptiis  and  Avi.  lautvs  has  not 
been  ascertained  owing  to  the  obscurity  of  the  sections,  the  paucity 
of  fossils,  and  the  extreme  rarity  of  Ammonites  in  the  lower 
beds.     It  is  known,  however,  that  the  zone  of  Am,  intenniptua 

*  Sef  Geology  of  the  Isle  of  l\irbeck,  Mem.  Geol.  Survey,  by  A.  Straban, 
p.  141  (1898). 
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exists  near  Shilliiigton  in  North  Dorset,  and  wo  Imvo  little  doubt 
tliat  tower  Gault  extends  at  least  as  far  west  as  Osraington  in 
South  Dorset,  and  probably  as  far  as  Seaton  in  Devon  (see  p.  188). 
The  zone  of  Amman  lies  rostrattis  occupies  as  usual  the 
greater  part  of  the  combined  Gault  and  Greensand,  and  Prof.  Ch. 
Barrois  has  shown  that  its  fauna  near  Lulworth  resembles  that  of 
the  Blackdown  beds. 

STRATKiKAPfllCAL   DETAILS. 

The  information  in  this  chapter  has  been  derived  chiefly  from 
the  memoirs  of  Prof.  Barrois/  Mr.  Strahan,^  and  Mr.  H.  G.  Ford- 
ham.3  The  beds  have  not  Ixjen  examined  personally  either  by 
Mr.  Hill  or  mvself. 

%■'  9 

The  section  in  J^iUard  Hole  or  PunKeld  Cove  near  Swanage 
was*  well  described  by  Mr.  H.  G.  Fordham  in  1876  and  was 
subsequently  measured  by  Mr.  Strahan  in  1888.  As  Mr. 
Fordharti  spent  several  days  in  measuring  the  several  narts  of 
the  Greensand  and  in  (collecting  its  fossils,  we  shall  follow  his 
description  in  the  main ;  correctmg  some  points,  however,  by  Mr. 
Strahan's  measurements,  and  adopting  his  estimate  of  the  total 
thickness  of  the  stage  at  this  locality.   The  section  is  as  follows: — 

Ft.  in. 
^Nfxiular  .simdstone,  consisting  of  irregular 
lumps  of  hard  comimct sandstone euilxjdde* I 
in  greenish  sand,  Perfeii  ast/ter,  Ostrea 
vi'sini/nsti^  Tvr.  jHntltfty  and  other  fossils, 
about 6    0 

Light  greensanil  with  a  few  calcareoiLs  con 

^     citations ahout        4    0 

.  Greensand  with  scattered  fragments  of  brown 
phosphate  and  of  broken  shells,  i4//i//<ow/^^« 
rostrntus  and  many  Venniculann  coucaiut, 
al)out  14    0 

Dark  green  sand  with  three  layers  of  hard 
sendstone  dc»ggers  which  in  j)laccs  form 
continuous  hiyevAy  [lihi/nchauef/a  ronvexdj 
al)out  .--..--        6     0 

Bluish  greenstmd  with  an  irregular  layer  of 
stone  in  the  middle,  and  ^^ith  rolled  phos- 
phatic  fossils about 

Continuous  bed  of  hard  stone  weathering 
li^ht  blue  with  white  veins 

Bluish  sandy  clay  with  some   hard  stony 
lumps,  and  a  continuous  bed  of  hard  stone 
at   the  base,  Amnitjnitts    rostra fu^^  Area 
rarintitny     Thetis    Sowei^htji^     Dentalium 
^     (lecimsatumy  Verfuicidan'ay  and  others        -       20    0 
Gault     -        -     Jiluish-green  sandy  clay,  almost  black  when 

wet,  i)assing  down  into  stiffer  less  sandy 
clay  ;  very  few  fossils  to  be  seen.  Thick- 
ness estimated  at 

A  thin  layer  of  jKibbly  sandstone  - 


Zone  of  Pecten 
asper.  - 
10  feet. 


Zone  of  Amvut- 
nites  rostratus. 
55  feet. 


15 
1 


0 
6 


Basement-bed 


91 
0 


0 
4 


Total       -        -        -  alwut    156    0 

Here,  as  in  the  Isle  of  Wij>ht,  different  observers  might  hold 
ditteront  opinions  as  to  the  thickness  assignable  to  the  Gault  and 

*  liecherches  sur  le  Terrain  CVota^'e  SuiH*rieur,  J^ille,  1876. 

*  Geok^y  of  the  Isle  of  Purbeck,  Mem.  Geol.  Survey,  1898. 

*  Chloritic  Marl  and  Upper  Greenj^and  of  vSwanage  Bay,  Proc.   Geol, 
Asioc^  VoL'iv.  p.  506. 
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to  the  Qreensand  respectively.  Both  Mr.  Fordham  and  Mr.  Strahatl 
felt  some  doubt  whether  the  20  feet  of  bluish  sandy  clay  should 
be  classed  as  Gault  or  as  Greensand.  As  a  matter  of  fact 
no  such  division  is  possible  except  in  the  most  general  way ;  the 
lower  clayey  part  of  the  stage  may  be  called  "  Gault/*  and  the 
upper  part  is  unquestionably  "Greensand,"  but  between  these 
two  parts  is  30  or  40  feet  of  sandy  clay  which,  so  far  as  lithological 
character  goes,  might  bo  classed  with  either.  This  sandy  clay  no 
doubt  corresponds  with  what  Mr.  Strahan  has  very  naturally 
termed  the  "  Passage  beds  "  in  the  Isle  of  Wight. 

A  classification  by  zones  should  be  more  satisfactory,  but  in 
consequence  of  the  rarity  of  fossils  in  the  argillaceous  beds  we 
cannot  be  certiiin  whether  the  91  feet  classed  as  "Gault"  in 
the  i|,bove  description  is  wholly  referable  to  the  Lower  Gault, 
or  whether  some  of  it  belongs  rciilly  to  the  Upper  Gault  (zone  of 
Aimiwniies  rodnrfus).  There  can  be  no  doubt,  however,  that  the 
overlying  55  feet  belongs  to  that  zone ;  this  part  corresponding 
with  the  groups  B  and  C  of  the  Compton  Bay  section,  which 
have  about  the  same  thickness. 

The  two  highest  beds,  which  are  together  less  than  10  feet, 
represent  the  highest  22  J  feet  of  the  Greensand  in  Compton  Bay, 
and  the  nodular  character  of  the  topmost  sandstone  suggests  that 
it  is  the  equivalent  of  the  sands  with  calcareous  concretions 
which  occupy  a  similar  position  in  the  Isle  of  Wight.  There  is 
nothing  to  represent  the  Chert  Beds,  which  must  be  regarded  as  a 
local  development  due  entirely  to  the  growth  and  decay  of  sponges 
over  certain  parts  of  the  sea-noor. 

Parsing  across  the  Isle  of  Purbeck,  a  distance  of  11  or  12  miles, 
we  come  to  another  complete  section  in  Worbarrow  Bay,  and  the 
measurements  taken  by  Mr.  Strahan  show  that  the  total  thickness 
of  the  stage  is  somewhat  grcixter  there  than  at  Ballard  Hole. 

Section  of  Gault  and  Ujyper  Greensand  at  Wat^barroiv  Bay. 

Chalk  Marl.  Ft  in. 

'Sand    with    irregular   lumps   of   hard 

calcareous  stone 4    8 

Dark  greensand,  about  -        -        -        -      3    0 
Lumpy  rock,  full  of  Exofpjra   conica, 

Pecten  asjyer^  P,  quinq'ivecostatus^  (fee.  -     10    0 
,  Soft  greensand        -        -        -        -        -    10    0 
'  Soft  greensand  with  layers  of  calcareous 
stone  in  separate  blocks,  Vermicularia 

and  Ex.  conica 40    0 

Loamy    greensand     becoming    darker 

below.    At  the  base  is  a  layer  of  phos- 

phatic  fossils,  Natica,  Pleurot<miaria, 

Exogyra  cmiica,  &c.    -        -        -        -    32    0 

Dark  greensand  with  several  layers  of 

calcareous  stone 7    0 

'  Dark-greon  clayev  sand  with  a  few  lay- 
ers of  stone,  Lima  parallel  a  ^  Pecten 
orbicularis,  Natica.,  ic.       -        -        -     18    0 
Lower         Darker  and  more  clayey  micaceous  sand 
Gault      •{      or  sandy  clay,  becoming  more  clayey 

64  feet.  below 42    0 

Brown  sandy  clay  passing  into  next       -      3    0 
Conglomerate   of    quart^ite  pebbles  in 
brown  clay 10 


Zone  of 

Pecten  asper^ 

27  feet. 


Zone  of 
Ammonites 
rostratuSy 

79  feet. 


167    0 


flktBOilKlAK  J  LtLWORTH. 


I4t 


The  arrangement  in  zones  is  my  own,  and  in  the  absence  of 
Recorded  fossils  from  the  upper  ten  feet  of  soft  greonsand  it  is 
doubtful  whether  they  should  be  classed  in  the  zone  of  Pecten 
asper  and  CanUaster  fossarhis.  In  any  case,  however,  this  zone 
is  thicker  than  near  Swanage. 

It  will  be  noticed  that  there  is  also  a  greater  thickness  of 

iflauconitic  sands,  and  that  stone-beds  occur  down  to  a  much 
ower  horizon  than  at  Ballard  Hole,  leaving  a  much  less  thickness 
of  sandy  clay  or  "  Gault."  There  is  in  fact  not  more  than  45  feet 
which  can  be  called  clay,  but  I  have  ventured  to  include  the 
clayey  sand  with  Lima  iKirallela  as  Lower  Gault,  in  the  absence 
of  any  evidence  to  the  contrary. 

The  Gault  has  here  a  distinct  pebbly  basement-bed,  which  is 
thicker  than  the  similar  bed  at  Ballard  Hole,  and  from  this  point 
westward  this  pebble-bed  dissociates  itself  from  the  Lower  Green- 
sand  and  clearly  belongs  to  the  Upper  Cretaceous  series,  though 
it  varies  much  in  thickness. 

A  tabular  view  of  this  section  is  given  on  page  149, 
and  compared  with  other  sections  along  the  south  coast. 

In  Mupe  Bay  the  Upper  Greensand  is  greatly  crushed,  and 
portions  seem  to  be  faulted  out,  so  that  no  continuous  section  of 
it  can  be  obtained. 

Mr.  Strahan  did  not  find  the  section  in  Lulworth  Cove  a  good 
one  when  he  saw  it,  but  it  seems  to  have  been  much  clearer  in 
1875  when  examined  by  Prof  Barrois,  who  gave  a  detiiiled  account 
of  it  with  Usts  of  the  fossils  which  he  had  collected.  The 
following  is  a  translation  of  Prof  Barrois*  account,  but  in  reversed 
order  and  re-numbered : — 


Zone   of  Pecten 
cuper 
21  feet. 


Zone  of  Ammon- 
ites rostratui   - 
92i  feet. 


20.  Coarse  quartzose  sandstone  with  some 

glauconite  grains,  passing  down  into 

white  ftne-grained  sandstone  with  little 

, .         glauconite,  containing  layers  of  chert 

-(  19.  Greensand  with   phos])hatised  fossils, 

Pecten  asj>er        -        .        -        -         - 

18.  Glauconitic  calcareous  sandstone 

17.  Marly  greensand,   with  Pecten  asper 

V  and  many  phosphatic  fossils 
/1 6.  Calcareo-siliceous  sandstone 

15.  Greensand - 

14.  Calcareo  -  siliceous  sandstone,  with 
pitted  surface     ■;■.'" 

13.  Greensand  with  Vermicidaria  concava, 
and  Ostrea  -        -        -        -        - 

12.  Calcareous  sandstone  with  large  grains 
of  glauconite,  many  Janira  4-costata 
of  large  size 

11.  Sand  with  a  bed  of  Ostrea  vesiculosa 
at  the  base  and  some  fossils  in  phos- 
phate of  lime 

10.  Sandstone  with  Serjmloe     -        -        - 

9.  Greensand,  including  a  layer  of  small 

oysters  with  some  pnosphatic  nodules 

8.  Nodules  of  calcareous  sandstone  in  a 

discontinuous  layer  ;  numerous  fossils 

7.  Greyish-black  micaceoas  sand,    with 

V  gypsum,  pyrites,  and  thin  layers  of 
pnosphatic  fossils       .... 


Ft  in. 


11    6 


1 
1 

6 
1 

1 


6 
6 

6 
0 
6 


3     3 


6    0 


3     3 


6 
0 


6 

8 


196a 


8    6 
1     6 

6    6 
K2 
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Ft.  in, 
6.  Greenish-grey  sandstone,  Veiinicularia 

con^aiHiy  Janira  4'Costata  -        -        -  0    6 

6.  Greensand  poor  in  fossils    -     "  -        -  30    0 
4.  Greyish  stone,  Vennicvlaria  ccmcava, 

Exogyra  cornea 16 

3.  Sand 6    6 

2.  Soft  argillaceous  and  micaceous  sand- 
rock    16 

1.  Black  sandy  clay  (Gault),  seen  for       -  15    0 


Zone  of  Ammon- 
ites     rostratii^  i 
— cont. 


113    8 


Here  also  estimates  of  the  thtekiiess  of  the  Gault  bavo  varied. 
Fitton  made  the  total  thickness  142  feet,  assiraing  66  to  the 
Gault  and  76  to  the  Greensiind.^  liarrois,  in  the  section  above 
quoted,  makes  the  ( i  reensand  alK)Ut  1)9  feet,  wiiicb,  if  Fitton's  total 
were  correct,  would  leave  48  to  the  Gault ;  but  according  to  Mr. 
Strahan's  measurement  the  thi(;kncss  of  the  clayey  part  is  not 
more  than  28  feet,  and  that  of  the  Greensand  without  the  top- 
most bed  is  101  feet ;  if  tliis  top  bed  (about  6  feet)  is  added  we 
have  a  total  of  135  feet. 

In  Durdle  Cove  there  is  a  good  exiK)sure  of  the  upper  beds> 
which  are  described  by  Mr.  Strahan  as  follows^ : — 

Fui. 

Hard  white  calcareous  sandstone 3 

Greensand  with  lumps  of  hard  white  stone      -        .        .        -  3 
Hardened  siuid  with  n^Klulas  of  chert  and  irregular  masses  of 

chert  in  the  lower  :2  feet 6 

Dark  green  loamy  sand 1 

Greensand  with  chert 2 

Dark  greensand  with  3  or  4  bands  of  cherty  stone,  Kxogyra 

conica  and  Pecten  (Neitheu)  5-costat a»>.Q,h\n\^x\t  -         -  7 

Greensand  with  very  lumpy  cherts 2 

24 

The  section  is  continued  in  Man  of  War's  Cove,  which  shows  84 
feet  of  greensand  getting  darker  and  more  loamy  below,  at  the 
bottom  of  which  is  a  conspicuous  fen*uginous  band  about  a  foot 
thick ;  below  this  is  22  feet  of  dark-blue  sandy  clay  with  a  thin 
pebble-bed  at  the  base  consisting  of  quartz  pebbles  from  the  size 
of  a  pea  up  to  2  inches  long.  Ihis  rests  on  Wealden  Beds  with 
a  marked  plane  of  erosion. 

Here  also,  then,  the  beds  referable  to  the  Gault  do  not  esceed 
24  feet  in  thickness;  tlie  zone  of  Am,  vostnttus  is  84  feet,  and 
the  zone  of  Pecten  asper  is  24  feet.     Total  alx)Ut  132  feet. 

Two  miles  ftirther  west,  at  White  Nothe,  Mr.  Strahan  was 
agatn  able  to  measure  sections  which  show  a  thickness  of  more 
than  160  feet,  an  increase  of  18  feet.  Combining  the  section  at 
White  Nothe  itself,  where  the  upper  beds  are  well  seen,  with  that 


*  Trans.  Geol.  80c.,  Ser.  :2,  Vol.  iv.  ij.  21  (J. 

^  Geologj'  of  the  I.  of  Purbeck  and  Weymouth,  p.  153i 
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148  CRETACEOUS  ROCKS  OF  BRITAIN. 

Ft.  in. 
6.  Ureenish-grey  sandstone,  Vermicularia 

conravay  Janira  J^-costata  -        -        -  0    6 

6.  Greensand  poor  in  fossils    -      "  -        -  30    0 
4.  Greyish  stone,  Vennicularia  concava^ 

Exogyra  conica 16 

3.  Sand    -        -        -        -        -        -        -  6    6 

2.  Soft  argillaceous  and  micaceous  sand- 
rock    16 

1.  Black  sandy  day  (Gault),  seen  for       -  15    0 


Zone  of  Ammon- 
ttes      rostratus  -> 
— cont. 


113    8 


Here  also  estimates  of  tlio  thickness  of  the  Gaiilt  have  varied. 
Fitton  made  the  total  tliickuess  142  feet,  assigning  C6  to  the 
Gault  and  76  to  the  Greensand.^  Barrois,  in  the  section  alK)ve 
quotc»d,  makes  the  (iret^nsiind  alx)nt  99  Feet,  ^diich,  if  Fitton's  total 
were  correct,  would  leave  43  to  the  Gault ;  but  according  to  Mr. 
Strahan's  measurement  the  thickness  of  the  clayey  part  is  not 
more  than  28  feet,  and  that  of  the  Greensand  without  the  top- 
most bed  is  101  feet;  if  this  top  bed  (about  6  feet)  is  added  we 
have  a  total  of  135  feet. 

In  Durdle  Cove  there  is  a  good  exposure  of  the  upper  bedsi 
which  are  descriljed  by  Mr.  Strahan  as  follows-: — 

Fesi. 

Hajd  white  calcareous  sandstone 3 

Greensand  with  lumps  of  hard  white  stone      -        -        -        -  3 
Hardened  sand  with  nixlules  of  chert  and  irregulai-  masses  of 

chert  in  tlie  lower  -2  feet        -        -        -        -        -        -        -  6 

Dark  green  loamy  sand 1 

Greensand  with  chert 2 

Dark  greensand  with  3  or  4  bands  of  cherty  stone,  Hxogyra 

cornea  and  Pecten  (Xeltheu)  5'Co$(atu^'Ah\x\\dai\\i  -         -  7 

Greensand  with  very  lumpy  cherts 2 

24 

The  section  Is  continued  in  Man  of  War's  Cove,  which  shows  84 
feet  of  greensand  getting  darker  and  more  loamy  below,  at  the 
bottom  of  which  is  a  conspicuous  ferniginous  band  about  a  foot 
thick ;  below  this  is  22  feet  of  dark-blue  sjindy  clay  with  a  thin 
pebble-bed  at  the  Imse  consisting  of  quartz  pebbles  from  the  size 
of  a  pea  up  to  2  inches  long.  Ihis  rests  on  Wealden  Beds  with 
a  marked  plane  of  erosion. 

Here  also,  then,  the  beds  referable  to  the  Gault  do  not  exceed 
24  feet  in  thickness;  the  zone  of  Am.  rostnitus  is  84  feet,  and 
the  zone  of  Pecten  aaper  is  24  feet.     Total  al>out  132  feet. 

Two  miles  ftirther  west,  at  Whik3  Nothe,  Mr.  Strahan  was 
agatn  able  to  measure  sections  which  show  a  thickness  of  more 
than  160  feet,  an  increase  of  18  feet.  Combininjj  the  section  at 
White  Nothe  itself,  where  the  upjHjr  beds  are  well  seen,  with  that 


*  Trans.  (Jeol.  Soc,  Ser.  2,  Vol.  iv.  p.  21G. 

^  Geolog>'  of  the  I.  of  Purbcck  and  Weymouth,  p.  153i 
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•1^  4 


ma 


Zone  of 

Ammanites 

rostratus 

over  100  feet. 


Ft 

tn. 

6 

0 

3 

0 

4 

6 

6 

4 

19 

0 

13 

6 

11 

0 

25 

0 

2 

0 

13 

6 

1 

6 

13 

6 

? 

36 

0 

4 

0 

1 

1 

SELBOBNIAN:  HOLWORTH.  151 

visible  east  of  Holworth  House,  the  succession  appears  to  be  as 
follows : — 

Son/la  r^A^y.   (  Hard  nodular  calcareous  sandstone 
ISZ^-i    Sand  with  nodules  of  chert     ...        - 
2Q  if  '^  '  j    Sand  with  two  layers  and  nodules  of  chert     - 
^  Dark  greensand  with  cherty  lumps,  PecUii  a.y)€r 
Dark  green  ©and  with  three  layers  of  stone 
Similar  sand  with  scattered  lumps  of  stone 
Irregular  layer  of  stone  with  Exof/f/ra  con  lea 
Dark -green  loamy  sand  with  pipings  of  clay  - 
Great  lenticular  stone  masses  -        .        .        - 

Dark  greensand 

Lenticular  masses  of  stone      -        -        -        - 
Dark  greensand,  base  not  seen        -        -        . 

Gap. 

(Dark  loamy  and  clayey  sand  and  clay,  about  - 
Blue  sandy  micaceous  clay      -        -        -        - 
Thin  layer  containing  quartzite  pebbles  and 
lumps  of  Portland  stone    -        .        -        . 
Kimeridge  Clay. 

159      0 

Mr.  Strahan  does  not  give  any  estimate  of  the  thickness 
covered  by  the  "  gap,"  but  it  is  evident  that  the  total  thickness 
must  be  considerably  over  ICO  feet.  Mr.  Rhodes  collected  many 
fossils  from  this  locality,  which  were  identified  by  Mr.  Sharman 
ajid  are  embodied  in  the  list  at  the  end  of  this  chapter. 

Mr.  Strahan  remarks  that  the  section  in  the  cliff  at  Holworth 
House  gives  a  magnificent  view  of  the  base  of  the  Upper 
Cretaceous  series  and  of  its  unconformable  superposition  to  the 
Jurassic  rocks.  ''  The  junction  can  be  identified  at  once  in  the 
brow  of  the  cUff  at  Holworth  House,  where  Gault  dipping  E.N.E. 
at  5"  passes  in  ciuick  succession  across  the  edges  of  Purbeck, 
Portlandian,  and  Kimmeridge  Clay,  dipping  north  at  25«\  Thence 
it  can  be  followed  for  about  600  yards  southwards,  though  it 
becomes  less  conspicuous  from  the  fact  that  the  Gault  Clay  there 
rests  upon  Kimmeridge  Clay."     (Op.  cit.,  p.  155). 

The  accompanying  view  and  section,  both  reproduced  from 
Mr."  Strahan's  Memoir,  illustrate  the  position  of  the  strata  at  this 
interesting  locality.  In  the  view  (Fi^y.  59)  the  rocks  in  the  left- 
hand  comer  are  Portlandian,  with  Gault  resting  nearly  horizontally 
upon  them.  The  cliffs  above  sliow  Greensand  and  Chalk,  and 
the  furthest  point  seen  is  White  Nothe,  with  its  underclift'  of 
slipped  masses  of  Greensand  and  Chalk. 

The  following  notes  are  also  auoted  from  Mr.  Strahan's 
Memoir : — "  In  the  tract  between  White  Nothe  and  Osmington 
Mills  the  Upper  Cretaceous  rocks  are  tlirown  on  end  by  the 
Ringstead  disturbance.  .  .  .  But  the  unconformity  at  the 
base  of  the  Gault  is  again  finely  exposed  for  about  50  vards  in  the 
brow  of  the  cliff,  300  yards  west  of  Osmington  Mills.  The 
Kimeridge  Clay  dips  north  at  40^,  but  the  Gault  lies  horizontally 
upon  it,  its  base  being  a  loamy  buff-coloured  sand  with  an 
occasional  quartz-pebble.  In  the  hill  above  the  wliole  of  the 
Gault  and  Greensand  are  represented,  together  with  the  lowest 
beds  of  the  Chalk,  but  the  last-named  has  been  almost  completely 
decalcified  and  has  mouldered  down  into  a  yellow  sandy  clay." 


CBETACEOUH  HOCKS   OF  BRITAIN'. 


{Drawn  by  H.  W.  Gilbert  WiUiams  from  a  photograph.) 
From  A.  SttahaD'a  Memoir  on  the  Geology  of  the  Isle  of  Purbeck,  p.  166, 
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"The  outcrop  of  the  Upper  Greensand  and  Gault  along  the 
sreat  Ridgeway  disturbance  [from  Chaldon  to  Bincombo]  is 
mteresting  chiefly  from  the  liglit  it  throws  on  the  structure  [of 
the  country]."  &outh-west  of  fiincombe  church  there  is  a  section 
exposing  about  84  feet  of  the  green  sand  from  the  summit 
downwards,  the  beds  here  having  a  northerly  dip  of  45*"  to  50"*. 

West  of  the  Dorchester  and  Weymouth  railway  the  whole 
formation  is  cut  out  by  the  thrust  of  the  Ridgeway  fault,  and  is 
not  seen  again  till  it  comes  in  as  a  regular  outcrop  north  of 
Abbotsbury.  This  tract  will  be  described  later  on  under  the  tead 
of  West  Dorset. 

Jjist  of  Fossils  from  the  Gault  wnd  Upper  Greensavd  of  the 

Dorset  Const. 

This  list  of  fossils  has  been  compiled  from  the  following 
sources  i — Mr.  H.  G.  Fordham  for  the  Swanage  or  Ballard  Hole 
section ;  Prof.  Barrels  for  the  sections  at  Worbarrow,  Lulworth, 
and  Durdle  Coves ;  the  collections  of  the  Geological  Survey  at 
White  Nothe  and  Ringstead  Bay,  supplemented  by  a  few 
ihentioned  by  Prof  Barrois  ;  Mr.  Damon's  list  of  fossils  from  the 
cliff  west  of  Osmington  Mills,  supplemented  by  specimens  in  the 
Dorchester  Museum  and  in  that  of  the  Geological  Survey. 

For  these  localities  the  following  letters  are  used  : — 

8*=  Swanage. 

w= Worbarrow  Cove.  n  =  White  Nothe  and  Ringstead. 

1  =  Lulworth  and  Durdle  Coves.         o = near  Osmington. 

The  first  column  shows  the  fossils  found  in  those  beds  which 
we  have  classed  as  Lower  Gault.  The  second  contains  the  fossils 
obtained  from  the  lower  sands  and  stone  beds,  and  principally 
from  the  bed  numbered  8  in  Prof.  Barrois*  section  (p.  147).  These 
belong  to  the  lower  part  of  Am.  rosiratus  zone.  Those  from  the 
upper  part  of  this  zone  are  entered  in  column  3  ;  and  in  column 
4  are  the  species  found  in  the  very  highest  beds  which  form  the 
zone  of  Pecten  asper  and  Cardiaster  fossarius. 


Gault. 


1. 


AmnioiiiteR 

Pecten 

rostratus  zone. 

asjKn- 

j 

zone. 

2.       i        3. 

1 

4. 

I^amna  appendiculata,  Ag, 

Cephalopoda. 
Ammonites  Mantelli,  ^Soj^. 

Ooodhalli,  Sow. 

raulinianus.  dOrb. 

rostratus,  Sow. 

splendens  ?,  Sow. 

varicosus  ?,  Sow. 
.,         (several  sp.)    - 
Ancyloceras  sp, 
Belomnitellii.  sp. 
Hamites  altematus,  Mant. 
„         virgulatus,  Brong. 
„         sp.  -        r 

Nautilus  -       -       -       - 
Scapbites  fequalisy  <9ou?.    - 


it 

99 


1 
1 

sl 

1 
1 
C) 


w 


w 


1 

n 


— 

- 

n 

- 

1- 

( 

n 
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CRETArEOL'tl   KOTKS   OF  BBITAIX. 


{Drawn  by  H.  W.  QUbert  Williams  from  a  photograpL) 
From  A.  Strabaa'a  Memoir  on  the  Geology  of  the  Isle  of  Purbcck,  p.  166. 


SELBORNIAN:  DORSET  COAST. 


153 


"The  outcrop  of  the  Upper  Greensand  and  Gault  along  the 
sreat  Ridgeway  disturbance  [from  Chaldon  to  Bincombo]  is 
interesting  chiefly  from  the  light  it  throws  on  the  structure  [of 
the  country]."  South-west  of  Bincombe  church  there  is  a  section 
exposing  about  84  feet  of  the  green  sand  from  the  summit 
downwards,  the  beds  here  having  a  northerly  dip  of  45"*  to  SO"*. 

West  of  the  Dorchester  and  Weymouth  railway  the  whole 
formation  is  cut  out  by  the  thrust  of  the  Ridgeway  fault,  and  is 
not  seen  again  till  it  comes  in  as  a  regular  outcrop  north  of 
Abbotsbury.  This  tract  will  be  described  later  on  under  the  tead 
of  West  Dorset. 

Jjist  of  Fossils  from  the  Gnult  and  Upper  Greensavd  of  the 

Dorset  C<Htst. 

This  list  of  fossils  has  been  compiled  from  the  following 
sources : — Mr.  H.  G.  Fordham  for  the  Swanage  or  Ballard  Hole 
section ;  Prof.  Barrois  for  the  sections  at  Worbarrow,  Lulworth, 
and  Durdle  Coves ;  the  collections  of  the  Geological  Survey  at 
White  Nothe  and  Ringstead  Bay,  supplemented  by  a  few 
ihentioned  by  Prof.  Barrois  ;  Mr.  Damon's  list  of  fossils  from  the 
cliff  west  of  Osmington  Mills,  supplemented  by  specimens  in  the 
Dorchester  Museiun  and  in  that  of  the  Geological  Survey. 

For  these  localities  the  following  letters  are  used  : — 

8*=  Swanage. 

w = Worbarrow  Cove.  n  =  White  Nothe  and  Ringstead. 

1  =  Lulworth  and  Durdle  Coves.  o = near  Osmington. 

The  first  column  shows  the  fossils  found  in  those  beds  which 
we  have  classed  as  Lower  Gault.  The  second  contains  the  fossils 
obtained  from  the  lower  sands  and  stone  beds,  and  principally 
from  the  bed  numbered  8  in  Prof.  Barrois*  section  (p.  147).  These 
belong  to  the  lower  part  of  A  in.  rostrattts  zone.  Those  from  the 
upper  part  of  this  zone  are  entered  in  column  3  ;  and  in  column 
4  are  the  species  found  in  the  very  highest  beds  which  form  the 
zone  of  Pecten  o.sper  and  Cardiaster  jossariu^s. 


Gault. 


1. 


I^amna  appendiculata,  Ag. 

Cephalopoda. 
Ammonites  Mantelli,  Sow. 

Ooodhalli,  Sow. 

raulinianus.  cTOrh. 

rostratus,  Soio. 

splendens  ?,  Sotv. 

varicosus  ?,  Saiv. 
.,         (several  sp.)    - 
AncylQceras  sp, 
Belemnitell^  sp. 
Hamites  altematus,  MaiU. 
„         virgulatus,  Brong. 

Nautilus  -       -       -       - 
Scaphites  fequalisy  <9ou?.   - 


Ammonites 

Pecten 

rostratus  zone. 

aaiKT 

1 

zone. 

2.       '        3. 

1 

4. 

— 
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—         i 
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Pecten 

Qault. 

rOBtratua  zone. 

asper 

1. 

3. 

4 

Aporrhaia  Parkinaoni,  Sot". 

- 

- 

- 

Avelfana  cassis,  (TOrb.      - 

: 

_ 

1 
! 

Dentalium  defuiwatum,  Sow. 

In 

Natica  Genti,  b'ow. 
Turbo       -       - 

- 

- 

n 

Turritella  costata,  Sow.    - 

la 

_ 

„         granulata  1,  Sow. 

- 

o 

sp. 

" 

" 

' 

" 

Lamdli',>:inehuitH. 

Astarte  concinna,  Sow.     ■ 

1 

„      impolita,  .S'oiP.       -        -        - 

„      striata,  Sow. 

: 

lo 

1 

Area  <CucuUaea)  equilateral  is, 

C.  it  Bnart 

1 

,           „         cariiiata,  A-w. 

I 

8l 

„          echinftto,  JOt-i.      - 

1 

Jllabni.  Pari. 

slno 

an 

iiiftilleana,  'TO 

•b.  • 

"0) 

1 

„            „          nana,  dOrli. 

1 

obesa,  P.  <£-  Rt 

1 

„            „          iMisayaDO,  dOr 

*.    - 

- 

- 

- 

1 

,.            ■,          "|i-  ■ 

n 

Cardiuni  hilliiimiii,  iS'cw, 

,,        v.,it,lo.si,m,  (fOri. 

1 

CardiU  (iiil.ia,  ■fCh-l..       - 

1 

„     ,lul>illiani^  <rO)i,. 

- 

1 

- 

- 

„         Bp.          .          -          - 

Cyprinaconscilirina.'fOM. 

I 

I 

: 

r 

Cytherea  caper.ita.  Sow.   ■ 

- 

In 

- 

„       piirva.  Sow. 

1 

„       iijana,  Soie. 

n  0 

„       Bubrotunda,  Sow. 

1 

Exogyra  CDliiiiiiKi,  Soic.    - 

- 

lo 

ti 

aw 

„      conita.  Sou: 

n(T) 

elo 

si 

swln 

„      lialiotoidea,_.So)P. 

0 

- 

,,          snlcatuM,  Part. 

1 

sp..  {<:f.  Crisiii,  Ma 
Lima  archiaciami,  C.  tfc  ?i»". 

It.)  - 

1 

„     astieriftna,  <FOr/i.     - 

1 

„     pamllela,  if  Or/..  <non  So 

"-)   - 

Iwn 

Limopsis  L<irioli !,  Senv. 

- 

1 

- 

- 

Lucina  lenticularia  t  tfo/<^. 

0 

Mactra  angulata,  Sote.      • 

- 

I 

- 

- 

Modiola  reversa.  Sow.       - 

" 

1 

- 

Nucula  pcctinata,  Sovi.     • 
„      (cast,  cf.  lineata,  Sow.) 
„      (cast,  c.(.  bivirKata,  Sow 

n 

I 

_ 

- 

1 

- 

)    ■ 

1 

Ostrea  canal  iciilata,  Sow. 

b1 

s 

„     frons,  Pint.  (=  carinat 

*)    - 

I 

„      vesiculosa.  Sow.    - 

1 

s'l 

si 

„     vtwiculari»(?),  Lnm. 

~ 

' 
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liU  mellibni  nchiala^coa  t. 
Pecten  oaper,  Lam.  -        -        -        - 
„      elongatua,  Lnm.    - 
„      GallTennei.  <f  Ori. 

liianidas,  (jnldf.     -        -        - 
Milleri,  Soie.         -        -        . 
orbicularis,  Sow.    - 
(Neitiiea)ieqmcostii,tiis(fO»'fi. 
„       tlll>inus,  <IOrb.    -         -  ( 
„      4-costatus,  Sow.  -        -  j 
„      5-costatu8,  ■Sow,  - 
Fectuuculus  umbonatus,  Sote.  • 
Pinna  tetraaona,  Sow.      -        -        - 
Pleuromy  a(  Panopea)!  le  viuscul  a,  Sote. 
„  „         plicata,  Sow. 

Rhodani./'jfc^Rr. 
Plicatula  pectinoidea,  Sow. 
Siliiiua  moreana  ?,  tTOrb.  ■ 
Spondylus }  occultiui,  Gtin. 
„  OmtA\i,^Arck. 

Thetifl  Sowerbyi,  Riim.     - 

„     genevensis,  P.  it  Rs. 
Trigonia  aliforniLi,  Pni-k.- 
„         BCiibrii^ola,  Lye.  - 
„        fjjirio)*!!,   Pari:    (including 
pyrrha,  (FOrb.)- 


ap. 


„  totomagensia,  dOrb. 

„  truncata,  Sum. 

„  Hiibmerrtti,  So'p. 

,  {several  sper.iea)     - 

Brachiopoda. 
Rbynchondla  dimidtata,Tar.conveza, 

Sow. 

»  Bp.         -  -  ■  - 

Terebratella  pectita,  Sow. 
Terebratulina  triangularis,  Efk. 


AnTtelida. 
Ditrapa  diffonnia,  Soie. 
Serpula  antit^uala,  Sow. 


„       tuba,  Sote.  - 

„       (Vermicularia)  concava,  Soia. 

t  n  polygonalis,  Saw. 

Eeh  iiiodermn  la. 
CJaratomus  rostratus,  A^.  - 
Cardiaater  latisaimtis,  Ag. 

fossariua,  Benrtt 


asper 


■-'  i 
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Ammonites 

Pecten 

Gault. 

rostratufl  zone. 

aijper 

1. 

2. 

3. 

zone. 
4. 

EchinfKlermatn  -  cent. 

Catopygus  colunibariusi,  Lam.  - 

— 

— 

— 

1 

Cidaris  velifera,  Bronn.    - 

— 

— 

I? 

1 

„      vesiculosa,  Gold/,  - 

— 

— 

— 

1 

Discoidea  subucula,  Klein. 

-• 

— 

— 

In 

Qlyphocyphus  radiatua,  Demr. 

— 

— 

— 

1 

Holaster  laevis,  de  Luc.  (  =  carinatuH)- 

— 

— 

— 

In 

„       Brongiiiarti  ?,  lleh.    - 

— 

-i 

- 

1 

„       euborbicularis  ?,  Defr, 

— 

~ 

— 

1 
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CHAPTER  XI. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN) 

IN  NORTH  DORSET. 

Before  dealing  with  the  Selbomian  deposits  in  West  Dorset 
and  Devon  it  Avill  be  desirable  to  describe  those  of  North 
Dorset,  taking  a  fresh  starting-point  on  the  borders  of  Wilts 
and  Dorset,  and  tracing  the  outcrop  of  the  formation  from 
thence  through  the  northern  and  western  parts  of  the  county. 

The  surface  area  of  the  Selbornian  in  North  Dorset  is  divided 
naturally  into  two  portions  by  the  valley  of  the  Stour,  and  it  will 
be  convenient  to  describe  these  separately,  taking  first  the  tract 
between  Shaftesbury  and  the  river  Stour,  and  then  that  between 
the  Stour  and  Evershot  near  the  head  waters  of  the  Fromo. 

1.    Shaftesbury  to  the  River  Stour. 

The  southern  border  of  the  Vale  of  Wardour  ends  in  a  high 
plateau  of  Greensand  from  700  to  800  feet  al)Ove  the  sea,  and 
where  this  bends  southwards  is  situate  the  ancient  town  of 
Shaftesbury.  Thence  the  outcrops  of  the  Gault  and  Greensand 
run  southward  to  the  valley  of  the  Stour  near  Child  Okeford. 

The  Gault  at  Shaftesbury  is  probably  about  90  feet  thick.  As 
in  Wiltshire  the  whole  of  this  belongs  to  the  Lower  Gault.  This 
Gault  does  not  thin  out  suddenly  SQUth  of  Shaftesbury  as  shown 
on  the  old  Geological  Survey  map,  but  is  (A)ntinuous  southward 
and  maintains  a  fair  thickness  to  and  beyond  the  valley  of  the 
Stour. 

The  Upper  Greensand  near  Shaftesbury  is  about  150  feet  thick 
and  presents  the  same  succession  of  beds  as  in  the  Vale  of 
Warclour,  this  succession  being  as  follows  : — 

Feet. 

Fine  greensand about     10 

Chert  beds       - „         20 

Coarse  glauconitic  sandstone    -        -        -  „         10 

Soft  grey  and  buff  sands  -        -        -        -  „         70 

Micaceous  sand  and  sandstone         -        -  „         40 

But  as  the  outcrop  of  these  beds  is  followed  southward  it  changes 
rapidly  and  loses  greatly  in  thickness.  In  the  first  place  the 
malmstone  and  micaceous  sandstone  either  thin  out  or  pass  into 
a  smaller  thickness  of  soft  micaceous  sand.  At  the  same  time 
the  hard  glauconitic  sandstone  which  forms  such  a  conspicuous 
feature  in  the  Vale  of  Wardour  and  near  Shaftesburj^ 
gradually  thins  out.  The  Chert  Beds  also  disappear  to  the 
south  of  Mellniry,  so  that  there  are  then  no  hard  liecfs  to  form  an 
escarpm^it  like  those  of  the  Vale  of  Wardour.    The  beds  which 
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remain  ar^  soft  grey  and  green  sands,  and  these  form  a  gentle 
and  almost  featureless  slope  up  from  the  Gault  to  the  base  of  the 
chalk.  The  total  thickness  ot  these  sands  near  Iwemo  Minuter 
and  Shroton  Is  not  more  than  50  or  60  feet,  less  than  half  the 
thickness  of  the  Greensand  near  Shaftesbury. 

Gault. 

From  Shaftesbury  the  Gault  can  be  traced  southward  as  a 
continuous  band  of  yellow  brown  and  grov  micaceous  clays  below 
the  escarpment  of  the  micaceous  sands,  tliis  micaceous  character 
distinguishing  it  from  the  shaly  and  non-micaceous  Kimeridge 
clay  on  which  it  rests.  Moreover,  from  Twyford  to  the  valley  of 
the  Stour  the  boundary  of  the  Gault  is  defined  by  the  outcrop 
of  the  Lower  Grecnsana,  which  here  emerges  from  beneath  it. 

The  Gault  clays  are  exposed  in  a  brickyard  at  Sutton  Waldron, 
and  in  another  west  of  Iweme  Minster.  At  the  former  the 
following  beds  were  seen  in  1891 : — 

Ft,  in. 

Grey  and  brown  sandy  micaceous  clay         -        -        -        -  6    0 

Layer  of  loose  red  and  brown  ferruginous  rubble         -        -  0    4 
Grey  and  light  brown  mottled  clay,  with  patches  of  yellow 

micaceous  sand  and  green  glauconitic  sand       -        -        -  2    0 
Dark  reddish-brown  micaceous  and  sandy  clay  with  many 

phosphatic  septaria 16 

Dark  greenish-grey  sandy  clay 20 

Tough  brown  clay 09 

Dark  grey  sandy  loam,  dug  into  for 2    6 

14    0 

The  same  layer  of  red-brown  hsematitic  ferruginous  rubble  is 
shown  in  the  Iwerne  Minster  brickyard,  and  the  foreman  stated 
that  a  well  was  sunk  through  30  feet  of  dark  grey  sandy  clay 
underneath  this  "  red  layer,"  a  bed  of  hard  dark  grey  rock  being 
found  about  10  feet  down. 

Fossils  are  very  rare  in  this  Dorsetshire  Gault;  the  small 
Belemnites  so  common  in  Gault  elsewhere  being  entirely  absent, 
but  small  oysters  and  "  snake-stones  **  (Ammonites)  are  reported 
to  occur  occasionally  by  the  workmen. 

A  boring  made  at  Fontmell  Brewery  in  1887  is  said  to  have 
been  carried  through  150  feet  of  clay  into  coarse  sand  with  water, 
but  this  may  have  passed  throug;h  a  fault  plane,  for  the  Gault 
is  certainly  less  than  100  feet  tnick  at  its  outcrop,  and  a  little 
further  south,  near  Child  Okeford,  it  is  not  more  than  70  feet. 

Upper  Greensand. 

Zones  of  Ammonites  roatratua  and  Peoten  asper. 

Most  of  the  older  quarries  at  and  near  Shaftesbury  are  no 
lonjjcr  worked,  and  are  quite  overgrown,  and  little  can  be  seen 
in  tne  road  cuttings  north  of  tlio  town ;  but  south-east  of  the  town 
by  Boyne  Hollow  two  quarries  show  good  sections  of  the  Chert 
"Beds  and  the  road  descending  to  Melbury  exposes  a  good  downward 


succession.  Finally  another  anarry  west  of  Melbury  shows  the 
junction  with  the  Chloritic  Marl  Combining  these  exposures 
the  complete  succession  of  beds  near  Shaftesbury  appears  to  be 
as  follows : — • 

Feet 
Fine-grained  glaucionitic  sandstone  -    10 

Zone  of  Pecten  asper  -   '  ^^^^  ^^,4«  ^^^  ^""^^^  ^''^^^  b^Wx^^^oxx^ 

\      concretions  -        -        -    over    20 

i  Coarse  glauconitic  sandstone    about    10 

( Soft  greenish-grey  sands  „    70 

I  Buff  micaceous  sand  and  sandstone,,    20 
Zone  of  Am.  rostratua-  /  Tough  grey    micaceous  sandstone 

\      becoming  dark  and  argillaceous 
I     below 16  to  20 

about  150 

The  higher  beds  present  some  interesting  features  and  several 
of  the  sections  are  so  good  as  to  merit  special  description.  The 
first  of  these  is  a  quarry  at  the  northern  end  of  Boyne  Hollow, 
where  the  following  section  was  seen  by  Mr.  Hill  in  1897 : — 

Ft  in. 
Soil  and  rubble 16 

Rather  soft  pale  grey  sandy  stone,  with  siliceous  cherty 
concretions 36 

Bof  t  grey  glauconitic  sand  with  smaller  concretions     -        -    4    6 

Layer  of  brown  siliceo-phosphatic  masses     -        -        -        -    0    9 

Firm  grey  glauconitic  silty  sand 20 

Fine  greyish  sandstone,  firm  but  not  hard,  with  grey 
cherty  concretions 36 

Pale  whitish-grey  powdery  sandstone,  full  of  hard  calcareo- 
eiliceous  concretions,  some  of  whicn  have  centres  of  blue- 
grey  chert 40 

Massive  layer  of  blue-grey  chert  with  thick  whitish  rind     -    1    0 

Firm  gcey  glauconitic  sand  with  a  layer  of  small  brownish 
concretions  at  the  base 13 

Greenish-grey  very  glauconitic  sandy  rock  with  a  few  brown 
phosphates 20 

Very  hard  glauconitic  semi-crystalline  sandstone,  called 
"Kag";  many  fossils  at  the  top 3    0 

Softer  but  firm  compact  glauconitic  sandstone  with  calcite 
cement      -       -       - 46 

Soft  greenish-grey  glauconitic  sand,  seen  for        -       -        -    2    0 

33    6 

The  hard  sandstone  known  as  Rag  is  used  for  road  metal,  and 
the  better  stone  below  is  used  for  building-purposes.  This  sand- 
stone has  been  quarried  extensively  south  of  Shaftesbury,  and  the 
old  overgrown  excavations  are  now  as  "The  Wilderness." 
More  recently  it  has  been  dug  for  road-metal  on  Cann  Common 
by  the  side  of  the  road  leading  to  Melbury.  ITie  outcrop  of  it  is 
exposed  in    the   cutting  on  the  same    road    two  miles  from 
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Shaftesbury,  and  at  Melbury  below  the  church,  and  it  has  been 
quarried  to  the  west  of  Melbury  Hill.  In  this  quarry  the 
following  beds  are  seen  dipping  about  5*^  to  the  E.S.E. : — 

Ftet, 
Soft  porous  and  light-coloured  stone  with  lenticular  layers  of 
black  chert  and  large  nodules  of  a  brownish  fine-grained 
calcareous  sandstone 6 

Soft  grey  glauconitic  sand  with  scattwrod  phosphates  and  a 
few  concretions  ot  pinkish  glauconitic  sandstone  (2  feet> 

1)assing    down    into    rubbly    sand    full    of     oysters    ana 
!*ectens  and  bn)kon  [)hospnatic  nodules,   9  to  1 2  inches  ; 
the  l)ase  uneven -        -      3 

Massive  bed  of  glauconitic  calcareous  sandstone  with  many 
open  joints,  passing  into  nexl 3 

Firm  sand  rock,  without  calcareous  cement      -        -        -        -      6 

The  following  fossils  were  found  by  Mr.  Rhodes  and  myself 
in  the  3  feet  of  grey  sand : — 

Discoidea  subucula.  Pecten  asi)er. 
Peltastes  clathratus.  „      Galliennei. 

Pseudodiadema  ornatuin.  „      orbicularis. 

Serpula  (V.)  ooncava.  „      (Neitheix)  cometa. 

Hhynchoiiella  dimidiata.  „  „         cpiadricostatus. 

Terebratula  ovata.  „  „         quin<iuecostatiLS. 

Astarte  (cast).  Trigonia  caiinata. 

Exogyra  conica.  Avellana  incrassata. 

Ostrea  vesiculosa.  Belenniites  sj». 

Nautilus  hevigatus. 

North  of  the  quarry  is  a  snmll  exjK)sure  in  a  bank  at  a  rather 
higher  level,  showing  soft  greenish-grey  sandstone  containing 
Pecten  arhlcalaris,  P.  (NeUhat )qaa(lrici»Mufiis,  Ext^jyrn  conica, 
E.  columha  and  Triijitnin  atvinnta. 

The  highest  member  of  the  (Ireensand,  and  the  upward 
succession  through  C'hloritic;  Marl  and  Chalk  Marl  is  well  exposed 
in  a  quarry  on  the  north  side  of  Melbury  Hill,  where  the  folloA^ing 
notes  were  written  in  1892  : — 

Feet, 

6.  Greyish  marly  chalk 6 

5.  Grey  marly  and  and  sandy  chalk         -        -        ■  4j 
4.  Firm  glauconitic  chalk,  rather  hard  for  the  most 

[)art  but  shaly  at  the  base        -        -        -        -  2j 
3.  Chalky  glauconitic  sandstone,  drying  to  a  light 

greenish  grey,  with  many  fossils      -        -        -  4 

,  2.  J?()Ugh  glauconitic  sandstone,  with  iron  stains 
I  and    i)atches    of    hard    brown  material  like 

1"  Pl>^*'  iminire  chert :  many  broken  shells  an<i  small 

Greensand    |  phosphatic  nodules  AN-cather  out      -        -        -    4 

j  1.  Softer  hue  grained  gieenish  glauconitic  sandstone 
I  with  few  fossils,  seen  for  -        -        -  G 

Jied  1  is  a  freestone,  and  is  used  for  building-stcjne,  and  2 
for  rough  work.  All  the  l)eds  pass  into  one  another,  and  it  is 
not  easy  to  say  where  the  dividing  line  l>etween  Chalk  and 
Greensand  should  l)e  drawn,  but  No.  2  is  unquestionably  a  part 
of  the  sandstone  below,  and  is  a  siuidstone  with  little  or  no 
chalky  matter,  whereas  No.  3  has  a  considerable  admixture  of 
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such  material,  and  moreover  contains  the  usual  fossik  of  the 
Chloritic  Marl.  From  No.  2  the  Survey  collector  obtained  the 
following  fossils : — 

Serpula  (Vermicularia)  coDcava.  Pecten  aaper. 
Oatopygus  columbarius.  „     hispidus. 

Holaster  subglobosua.  ?  „     orbicularis. 

Rhynchonella  dimidiata.  Neitboa  <iuin(iueoostata. 

Terebratula  biplicata.  Plicatula  iuflata. 

„  ovata.  Pleurotomaria  sp. 

Terebratulina  striata.  Ammonites  Mantelli. 

Inoceramus  (like  mytiloides).  Ancyloceras  ?  (fragment). 

Turrilites  Bechei. 


When  the  sands  and  sandstones  are  traced  southward  from 
Melbury  considerable  changes  are  found  to  take  place,  the 
malmstone  and  micaceous  sandstone  pass  first  into  soft  grey 
argillaceous  sandstone,  with  thin  lumpy  layers  of  harder  mica- 
ceous sandstone,  and  finally  into  a  soft  sandy  micaceous  marl 
which  no  longer  makes  a  definite  feature.  The  lumpy  beds  were 
seen  in  an  excavation  for  a  gate-post  at  Fontmell  Magna  in  1891, 
and  yielded  A  rat  (Cucullaai)  carinata,  Cyflterea  pi(/7ue,  Pecten 
orhkularis  and  other  Devizes  fossils. 

The  middle  beds  of  the  Greensand,  soft  yellowish  green  and 
grey  sands  with  large  burr-stones  of  fine-grained  calcareous 
sandstone  are  exposea  in  a  sand  pit  east  of  tne  church  at  West 
Compton,  and  in  another  pit  north  of  Iweme  Minster  Park. 
The  nigher  greenish-grey  sands  are  dug  in  a  pit  east  of  Sutton 
Waldron,  and  a  little  further  up  the  lane  at  a  level  only  12  feet 
higher, and  very  near  the  base  of  the  Chalk  a  bed  of  hard 
glauconitic  sandstone  crosses  the  road. 

A  similar  succession  is  found  further  south,  between  Shroton 
and  Child  Okeford,  15  feet  of  greensand  with  a  few  large  burr- 
stones  being  exposed  in  a  sand  nit  a  little  above  which  at  the 
entrance  to  "  Sandy  Lane  "  a  bea  of  hard  glauconitic  sandstone 
crops  out.  In  the  field  above  this  lumps  of  hard  glauconitic 
marlstone  lie  about  just  below  the  boundary  of  the  Chalk. 

2.    Valley  of  the  Stour  to  Evershot. 

Near  ShiUingstone  on  the  Stour  the  strike  of  the  Cretaceous 
rocks  changes  its  direction  again,  and  the  general  direction  of  the 
outcrops  is  westward  for  some  distance,  the  dip  being  southward 
under  the  great  synclinal  trough  of  South  Dorset. 

The  Gault  continues  to  occupy  its  usual  position  and  to 
maintain  a  fair  thickness  for  some  distance,  but  towards  Evershot 
it  either  thins  out  or  becomes  so  sandy  as  to  be  indistinguishable 
from  the  lower  part  of  what  has  been  called  Upper  Greensand. 
The  zones  of  AifYim.  mammillatus  and  of  Am.  wferrujttus 
have  been  identified  at  Okeford  Fitzpaine. 

The  Greensand  varies  somewhat  in  thickness  along  the  outcrop, 
being  from  60  to  70  feet,  near  Okeford,  it  thins  to  less  than  60  near 
Buckland,  but  increases  again  westward.     The  greater  part  of  it 
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belongs  to  the  zone  of  Ammmiites  rostratus,  consisting  mainly  of 
soft  sands  with  occasional  calcareous  doggers,  but  towards  the 
west  a  bed  of  rubbly  glauconitic  sandstone  comes  in  at  the  top. 

The  zone  of  Pecten  cwper  and  Cardia^ter  fossurius  is  tnin, 
being  nowhere  more  than  10  feet  thick.  Through  the  greater 
part  of  the  tract  it  consists  of  soft  green  sand  in  the  lower  part 
which  passes  up  into  a  hard  calcareous  glauconitic  stone,  the 
upper  part  of  which  is  for  some  distance  a  conglomerate  of 
brown  phosphatic  nodules  and  fossils,  the  fauna  bemg  an  inter- 
esting one. 

Gault. 

Between  Shillingstone  and  Okeford  Fitzpaine  the  Gault  appears 
to  be  about  60  feet  thick,  and  its  sandy  glauconitic  clays  are  easily 
distinguishable  from  the  dark  shaly  Kimeridge  clays  on  which  it 
here  rests.  A  good  section  of  tne  lower  part  of  the  Gault  is 
found  in  the  brickyard  near  Okeford  Fitzpaine;  about  16  feet 
were  visible  hero  m  1891,  and  the  foreman  stated  that  about 
2  feet  low  er  the  clay  rested  on  a  thick  bed  of  dark  brown  sandy 
ironstone,  which  broke  into  large  blocks.  He  had  made  a  trial 
excavation  below  this  stone,  and  the  following  account  is  partly 
compiled  from  the  information  obtained  from  him,  confirmed  by 
samples  of  sand  and  ironstone  still  lying  in  the  pit^: — 

Feet. 

Zone  of         i   Ligl^*^grey  clay  containing  grains  of  glauconite     -      7 
^     /*     •.  J    Dark  grey  sandy  micaceous  clay  with  nests  or 

ini^^ntuM      I         patches  of  glauconitic  sand,  about  -        -     11 

tnterruptuM      \   Dark  brown  sandy  ironstone        .        .        -        -      4 

Zone  of  Am.        |    Bluish  sand  with  many  small  pebbles  -        -        -      4 
fiuimniillatiLs   ^    Brown  sandy  ironstone,  breaking  into  small  lumps      1 J 

^Gr^insand    -  )   ^^^"^  green  sand 1 

Kimeridge  Clay       Strong  blue  clay  with  a  hard  rock  at  depth  of     -      8 

In  1896  Mr.  R.  B.  Newton  gave  an  account  of  this  section,  and 
of  the  fossils  found  in  it  by  Miss  Forbes  of  Shillingstone  House, 
and  Miss  Lowndes.  The  lower  part  of  the  section  was  measured 
by  these  ladies,  and  the  particulars  given  by  them  do  not  differ 
materially  from  those  given  to  me,  except  that  they  found  the 
green  sand  at  the  base  to  be  3  feet  thick.  Fortunately,  however, 
they  obtained  fossils  both  from  the  sandy  beds  and  from  the 
base  of  the  overlying  sandy  clay ;  and  it  was  from  the  evidence 
of  these  fossils  that  Mr.  R.  B.  Newton  was  able  to  recognise  the 
existence  of  the  zone  of  Am.  iruimmillcttussLt  this  place,  as  well  as 
the  overlying  zone  of  Am.  hiterruptus.  In  grouping  the  beds,  I 
have  followed  Mr.  Newton,  who  says  that  the  4-foot  bed  of 
sandy  ironstone  contained  "a  Lower  Gault  fauna,"  though  he 
does  not  give  a  separate  list  of  the  fossils  found  in  it. 


*  See  "Geol.  Mag.,"  1^90,  p.  198,  and  Proo.  Dorset  Nat.  Hist.,  and 
Field  Club,  vol.  xviii.,  p.  66  (lft97). 
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Fossik  were  obtained  from  this  ironstone,  from  the  lower  lour 
feet  of  the  clay,  and  the  species  determined  were :— - 

Lamna  appendiculata.  Lima  parallela  (common). 

Synechodus  sp.  My  til  us  subsimplex. 

Ammonites  interruptus.  Nucula  pectinata. 

„  splendens.  Exogyra  canaliculata. 

Hamites  sp.  Tecten  orbicularis. 
Nautilus  clementinus.  „        Galliennei. 

Acta&onina  formosa.  Pholadomya  favrina. 

Ringinella  inflata,  Pleuromya  plicata. 

Aporrhais  carinata.  Solen  dupinianus. 

Natica  Genti  (=  gaultina).  Thracia  new  sp. 

Scala  dupiniana.  Teredo. 

Solarium  ornatum.  Trigonia  aliformis. 
CuculliBa  [Area]  carinata.  „  archiaciana. 

Gervillia  forbesiana.  „  Fittoni. 

Inoceramus  concentricus. 

The  following  is  a  list  of  fossils  from  the  lower  beds,  as  recorded 
by  Mr.  Newton : — 

Ammonites  mammillatus.  Exogyra  sinuata. 

„  benettianus.  Ostrea  Leymerii. 

Cuculliea  [Area]  carinata,  Pleuromya  plicata. 

He  describes  the  matrix  surrounding  these  shells  as  "  mostly 
of  an  argillaceous  sandy  character,  slightly  micaceous,  and  of 
a  brown  grey  or  yellowish  colour.  That  associated  more  par- 
ticularly with  the  specimens  of  Ostrea  and  Exogyra  exhibits  an 
oolitic  structure,  the  grains  of  which  are  heavily  charged  with 
hydrated  oxide  of  iron."  In  the  account  published  by  him  the 
lower  bed  of  ironstone  is  not  separated  from  the  argillaceous  sand 
above.  If  the  foreman's  account  is  correct,  and  if  tnc  Ammonites 
are  confined  to  the  fine  sandy  bed,  it  is  possible  that  the  oolitic 
ironstone  should  be  grouped  with  the  Lower  Greensand  and 
not  with  the  Gault. 

The  outcrop  of  the  Gault  was  mapped  by  me  as  far  as  Ibberton, 
and  another  portion  near  Itfelcomoe  Bingham  was  mapped  by 
Mr.  Reid  in  1895,  but  beyond  that  the  country  has  not  yet  been 
continuously  re-surveyed.  In  1892,  however,  Mr.  Whitaker  made  a 
reconnaissance  along  this  tract,and  obtained  information  regarding 
the  Gault,  from  which  the  following  account  has  been  drawn  up. 
The  writer  subsequently  examined  the  district  near  and  north  of 
Ceme  Abbas. 

The  Gault  appears  to  be  present  continuously  below  the 
Greensand ;  a  bnckyard  at  Lower  Anstey  shows  a  stiff  loamy 
clay  with  nests  of  glauconitic  sand,  and  below  this  is  a  soft  dark 
grey  micaceous  sand  or  silt  like  that  seen  at  Okeford  brickyard. 
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About  two  miles  further  west,  near  Armswell  Farm,  is  an  old  nit 
showing  brown  sandy  clay,  very  hard  and  ferruginous  at  tne 
bottom,  this  being  probably  close  to  the  base  of  the  Gault. 

Grey  sandy  and  micaceous  clay  can  be  traced  all  round  the 
outlier  of  Greensand  and  Chalk  forming  Dungeon  Hill,  north 
of  Buckland  Newton. 

At  Lyons  Gate,  north  of  Minterne,  within  the  area  coloured  as 
Coral  Rag  on  the  old  Geological  survey  map,  is  a  brickyard,  the 
upper  level  of  which  shows  six  feet  of  grey  and  brown  mottled 
sandy  and  micaceous  clay,  but  apparently  not  glauconitic.  The 
lower  level  is  in  stiff  dark  blue  clav,  with  large  solid  calcareous 
doggers  (?  Kimeridge  Clay).  This  brickyard  is  about  60  feet  below 
the  line  of  springs  taken  at  the  base  of  the  Greensand,  so  that 
if  the  upper  clay  is  Gault  it  is  still  fairly  thick  at  this  place. 

It  can  be  traced  below  the  escarpment  by  Hillfield  and  Bat- 
combe  to  Woolcombe,  near  Evershot  Station,  but  is  there  much 
thinner.  Sandy  yellowish  micaceous  clay  was  seen  by  Mr. 
Whitaker  at  Woolcombe  rail-crossing,  and  west  of  Melbury 
Bubb,  but  stiff  bluish  Oxford  Clay  comes  in  along  the  line  of 
railway  by  the  latter  place.  It  is  evident  that  the  Gault  is  here 
thinning  out,  and  it  has  not  been  observed  lat  any  point 
between  Evershot  and  the  western  termination  of  the  escarpment 


Upper  Greensand. 

The  lower  part  of  the  Greensand  is  not  well  exposed  anywhere 
between  Shillingstone  and  Wool  land,  but  in  one  or  two  places  a 
passage  can  be  traced  from  sandy  micaceous  clay  into  tine 
micaceous  sand,  and  the  latter  passes  up  into  greenisn-grey  sand 
without  mica. 

The  highest  part  of  the  Greensand  is  well  exposed  in  a  sand- 

1)it  about  half  a  mile  south  of  Okeford  Fitzpaine,  and  the  section 
lere  is  as  follows : — 

Feet. 
Soft  glauconite  marl  (base  of  Chalk  Marl)  seen  in  one  part     -      1 

Dark  glauconite  sand  with  many  fosvsils,  containing  in  the 
upper  part  many  hard  compact  calcareous  concretions 
\^-nich  enclose  decomposed  green-coated  nodules  and  bits  of 
brown  phosphate 2 

Dark  greensand  with  irregular  concretions  of  calcareous 
glauconitic  sandstone 7 

Soft  dark  greensand  with  a  few  concretions,  passing  down 
into  clean  greenish-grey  sand        ..-_--    20 

30 

The  special   interest  of  this  section  lies  in  the  fossils  which 
occur  in  the  greensand  and  the  topmost  calcareous  concretions : 
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the  fauna  is  clearly  that  of  the  Rye  Hill  sand  near  Warminster, 
and  the  bed  occupies  a  similar  position  just  below  the  glauconitic 
marl  which  forms  the  base  of  the  Chalk.  I  foimd  the  following 
fossils  here : — 

Ammonites  varians.  Pecten  (Neithea)  4-costatus. 

Mantelli.  Terebratella  pectita. 

sp.  Rhynchonella  grasiana. 

Exogyra  conica.  Catopygus  carinatus. 

„         sp.  Holaster  laBvis. 

Avicula  gryphajoides.  Discoidea  subucula. 

Pecten  asper.  Salenia  petalifera. 

„      Galliennei.  Micrabacia  coronula. 

In  the  lower  beds  the  only  fossils  found  were  Exogyra  conica 
and  Serpula  concava. 

The  beds  seen  in  this  pit  dip  at  about  5*^  to  the  east  towards 
a  line  of  fault,  and  the  whole  outcrop  of  the  Greensand  is  only 
about  500  feet  wide  ;  this  on  a  level  surface  would  bring  in  about 
44  feet,  but  there  is  a  fall  of  30  feet  from  the  top  to  the  base,  so 
that  the  total  thickness  is  about  74  feet. 

The  outcrop  of  the  Upper  Greensand  between  Woolland  and 
Evershot  has  not  yet  been  re-surveyed,  but  Mr.  Whitaker 
traversed  the  district  in  1892,  and  reports  that  the  slopes  below 
the  base  of  the  chalk  are  generally  very  steep,  and  that  the 
breadth  of  the  tract  really  occupied  by  the  outcrop  of  the  sands 
is  very  narrow.  As,  however,  many  landslips  have  occurred,  it  is 
not  easy  to  draw  any  line  for  the  base  of  the  Greensand,  but  it  is 
certain  that  the  line  on  the  old  map  has  been  drawn  too  low 
down. 

As  far  as  Mr.  Whitaker  could  judge,  the  total  thickness  of  the 
Greensand  between  Woolland  and  Buckland  Newton  does  not 
exceed  60  feet,  and  round  the  Dungeon  Hill  outlier  north  of 
Buckland  Newton  the  thickness  is  still  less.  At  the  northern  end 
of  this  outlier  the  vertical  space  occupied  by  Greensand  was 
estimated  by  Mr.  Whitaker  at  not  more  than  30  feet.  At 
and  near  Buckland  there  is  apparently  50  or  60  feet,  and  further 
west  it  increases  to  100  feet,  so  that  the  diminution  of  thickness 
seems  to  be  quite  local. 

The  mass  of  the  Greensand  along  the  escarpment  consists  of 
soft  sands  in  which  there  are  few  exposures,  but  at  the  very 
summit  of  the  formation  is  a  bed  of  nard,  nodular  and  rather 
fine-grained  glauconitic  sandstone.  This  appears  to  set  in  at 
or  just  to  the  south  of  Stoke  Wake,  and  can  be  followed  by 
frequent  exposures  from  this  point  along  the  escarpment  to  and 
beyond  Evershot.  The  rock  consists  of  quartz  and  glauconite 
grains  cemented  together  by  calcite  into  a  very  hard  stone, 
which  has  a  decided  green  colour  from  the  abundance  of 
glauconite.  The  quartz-grains  are  mostly  small,  with  here  and 
there  a  large  grain,  but  the  grains  of  glauconite  are  rather  largo 
and,  from  their  dark  green  colour,  are  conspicucns. 
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From  Melcombo  Bineham  westward  its  average  thickness  is 
about  6  feet,  and  from  tnat  place  to  Dogbury  Hill  the  upper  foot 
or  18  inches  of  the  mass  encloses  many  phosphatic  noaules  and 
phosphatic  casts  of  fossils  of  a  dark  brown  colour ;  some  of  these 
are  rolled,  others  seem  quite  unworn. 

The  upper  surface  of  the  glauconitic  stone  is  waterwom  and 
uneven ;  much  green  matter  has  been  washed  into  its  joints  and 
cracks,  and  often  surrounds  the  phosphate  nodules. 

The  fauna  of  this  phosphatic  Dcd  is  a  remarkable  one,  for  it 
contains  many  Cephalopoda,  some  of  them  being  species  which 
are  very  rare  in  England,  and  only  known  from  the  zone  of 
Am.  rostratus,  while  others  are  such  as  occur  in  the  highest  bed 
of  the  Warminster  Greensand  or  zone  of  Pecten  asper}  Most  of 
the  former  are  phosphatic  casts,  and  may  have  been  derived 
from  some  older  deposit,  though  no  deposit  containing  such 
nodules  and  fossils  is  yet  known  in  the  south-west  of  England. 
Amman  it  ef^  Staderi  for  instance  is  only  known  from  the  Upper 
Gault  of  Folkestone  and  from  the  Cambridge  Greensand  (derivea) ; 
Am^monite^H  disjxtr  is  a  species  which  is  not  known  to  occur 
elsewhere  in  England,  though  Am,  rhamnonotuH  of  the  Cam- 
bridge Greensand  is  closely  allied  to  it. 

The  glauconitic  sandstone  is  exposed  in  a  quarry  north-east  of 
the  church  at  Melcombo  Bingham,  where  the  phosphate  nodules 
and  fragments  are  distributed  through  nearly  two  feet  of  its 
thickness,  and  the  rock  is  a  sort  of  phosphatic  conglomerate. 

It  is  also  seen  by  a  spring-head  east  of  Melcombe  Horsey,  and 
in  the  road  north  of  tliat  place ;  in  the  road-cutting  at  Dorset- 
shire Gap,  and  by  the  roadways  on  each  side  of  the  valley  south 
of  Armswell  Farm,  but  the  phosphate  bed  here  is  not  much  over 
a  foot  thick. 

One  of  the  best  sections  is  at  Bookham  Farm,  in  the  farmyard, 
where  both  top  and  base  are  exposed,  thus : — 

Feet, 

Whitish  Chalk,  j)assinp  down  into  chalk  with  green  grains,  and 
a  few  j)h()sphatie  nodules 5 

Hard  nodular  glauconitic  sandstone  with  many  phosphate 
nodulen  and  fossils  in  the  top  six  inches,  very  hara  and 
compact  below,  al>out 0 

Soft  sand,  with  lumps  of  hard  calcareous  stone,  seen  for  -      1 

Near  the  top  of  the  sandstone  I  found  Ammovitrs  Sfuderi 
Mixliohi  f*p.  and  Ptn'hrvia  splmriea  (all  phosphatised)  with 
EjcrKjifni  (li(]iUdn\  Plicntuhi  u\iinti(,\  Pevtuncidus  miblatris; 
LiiHd  s('mi(tr'n<du^  Rltyvcltavclbi  dlmidinin  and  Acta'aii  s]i.  Mr. 
Rhodes  afterwards  collected  from  this  and  the  other  places  above 
mentioned,  and  a  full  list  of  the  fossils  from  this  oed  will  be 
found  on  p.  108. 

*  An  account  of  this  hexl  antl  its  contents  was  given  by  me  in  the 
Proceedings  of  the  Dorset  Nat.  Hist,  and  Ant.  Field  Club,  vol.  xvii.,  p.  96. 
(1896). 
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On  Doffbury  Hill,  north  of  Minterne,  there  is  a  quarry  in 
this  sanostone,  the  highest  six  inches  enclosing  some  green 
nodules  and  a  few  phosphatic  fossils  like  those  at  Bookham,  this 
being  the  most  westerly  place  where  such  fossils  were  noticed. 
Those  found  here  were  AniTnonite^  Studeri,  Turrilitea  Bergeri, 
ActcemielUv  sp.y  Natica  sp.  The  stone  also  yielded  HoUister  lavis, 
Catopyg\ui  carinatus,  Rhyncltonelld  latissirmiy  Peden  asper,  and 
other  fossils  with  calcareous  shells. 

An  exposure  above  the  road  west  of  Do^bury  Gate  shows  the 
whole  thickness  of  the  top  sandstone  which  passes  down  into 
greenish  sand  with  concretions  of  hard  calcareous  stone.  Below 
this  is  sand  full  of  broken  shells,  about  three  feet,  and  still  lower 
about  three  feet  of  irregular  lumpy  calcareous  sandstone.  Half 
a  mile  further  west,  and  on  the  north  side  of  the  road  is  a  sand- 
pit showing  the  lower  lumpy  sandstone,  underlain  by  soft  greenish 
grey  sand  (five  feet  seen). 

This  lower  sandstone  contains  quite  a  different  set  of  fossils 
from  the  upper  bed,  fossils  which  prove  it  to  belong  to  the  zone 
of  Am,  ro8tratu8.  Most  of  them  are  casts,  but  some  arc  external 
moulds,  and  the  following  can  be  identified : — 

Ammonites  rostratus  (large).  Exogyra  conica. 

Trigonia  aliformis.  Cyprina  cuneata. 
„        Meyeri  ?.  ,,       rostra ta? 

Cardium  hillanum.  Pecten  (Neithea)  quadricostatus. 

Lucina  sp.  Cuculla^a  glabra  ? 

Where  the  road  turns  north  to  Hermitage  is  another  sandpit, 
about  10  feet  deep,  showing  grey  bedded  sand,  with  a  few  small 
calcareous  concretions  and  a  layer  of  Exogynt  conica  and  frag- 
ments of  Pectens. 

A  still  lower  horizon  is  exposed  in  a  sandpit  on  the  north- 
western slope  of  Dogbury  Hill,  which  shows  about  12  feet  of  fine 
yellowish-green  sand,  composed  mainly  of  small  even-sized  grains 
of  quartz  and  glauconite,  but  containing  some  flakes  of  white 
mica.  About  the  middle  is  a  band  of  loamy  sand,  full  of  Exogyra 
conica  and  broken  Pecten  quadricostata.  The  floor  of  this  pit  is 
about  70  feet  below  the  base  of  the  Chalk,  and  the  spring-heads 
are  about  50  feet  lower,  so  that  the  Greensand  seems  to  be  1 20  feet 
thick  at  this  place,  unless  some  of  it  has  slipped  down  the  slope. 

The  upper  stony  part  of  the  Greensana  is  exposed  in  several 
pits  near  Alinteme  and  Cerne,  the  top  sandstone  being  quarried 
and  used  as  a  building-stone.  Two  small  pits  just  north  of 
Cerne  Abbas  give  the  following  combined  succession : — 

Feet. 

Hard  nodular  calcareous  glauconitic  sandstone  with 
many  Pecten  asjier  and  some  other  fossils      -        -      4 

Soft  greensand  with  many  broken  shells  and  perfect 
Exogyra  conica^  Rhynckonella  grasianay  Discoidea 
subticula,  and  Echinohrissus  iacunosus  -        -        -      3 


Zone  of 
P.  asper 


Zone  of  ^   f  Si"^il*^r  ^^^  agglutinated  by  calcite  into  a  rubbly 
roatratua    1        stone,  but  few  fossils     -         -         -         -         -         -       3 

[  Soft  greeneand  with  scattered  calcareous  concretions      4 
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The  foUowiiif^  is  a  list  of  the  fossils  which  have  been  found  in 
this  phosphate-bed  at  the  top  of  the  Upper  Greensand  at  the 
localities  above  mentioned.  The  first  cohimn  shows  those 
collected  by  the  Geological  Siin^ey,  the  second  colunui  is  a  list 
of  the  collection  in  Dorset  Coimtv  Museum  at  Dorchester,  for 
the  naming  of  which  I  am  chiefly  responsible,  some  specimens, 
however  being  submitted  to  Mr.  Sharman  and  Dr.  Hinde. 

The  letter  '*  p  "  indiaites  that  the  fossil  is  preserv^ed  in  brown 
phosphate,  the  letter  "  s  "  that  it  occurs  either  as  a  shell  or  as  a 
cast  m  the  sandstone  matrix. 


Dorchester. 


S]x>nge$, 
Siphonia  tulipa,  Zitt.        .        -        -        - 

(?  Lithistid  Sponge) 

(?  Hexactinellid  Sponge 

\  U\idrozo:i. 
Parkeria  (two  si>ecies)       ...        - 

Aciinoioa. 
Micrabacia  coronula,  (loldf. 
Onchotroehus  C'arteri,  Dune.    - 

Echinodenn  1 1. 
Cardiiister  forsarius,  Jitittri. 
C\itopygU8  coluiulmrius,  Jjain.  - 
Discoid ea  Hubucula,  Klein. 
Echiuobris»U8  lacunosus,  f/oidf. 
Echinaconurt  castanea,  lirong. 
Goniophorus  lumilatUH,  Arj.      -        -        . 
Hemia.ster  minimus,  Ag.  -        -        -        - 
Holaster  luivis,  Defuc.  (carinatus) 
Peltastes  clathratus,  Ag.   - 
Pseudoiliadei.ia  Benettiie,  Forbes 

„  variolare,  Ag.  (var  RoiBsyi) 

Pygurus  lampas,  De  la  Bevhe    - 
Salenia  petahfeni,  Desm.  -        -        -        - 


Annelida. 

Ditnipa  difforrais,  Lam,   - 

Serpula  plexus,  Sow.  .  -  - 
antiquata,  Sow.  -  -  - 
(Vermicularia)  concava,  Sow. 


Cinistacea. 
(Claw  of  crustacean) 


Poli/zoa. 
Desmepora  semicylindrlca  ?,  Bom.    - 
Onychosella  sp.         .        .        -        - 
Purttulipora  pustulosa,  Blainv. 
Rmliopora  ornata,  d'Orh.  (CelhUii>ora) 
Reptomulticlausa  papularia,  dOrb.  - 
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Upper  grfensand:  north  Dorset. 


iirachiojHida. 
Hhyncbonclla  diiiiidiata,  Soiv.  - 

„  „    var.  convexa,  Soh 

iimiitellianft,  .Sow-. 
„  Selling  II  l>ai;  hi,  Dnv. 

Wierti  ?,  Dav.    - 
Terebratula  biplicata,  Sow. 
„  arcuata.  Jioem. 

„  ovata.  Sow.    - 

„  semiKloWja,  .Vuip.  - 

„  8i|iiainosa,  Mnnt. 

TerebrateUa  Boiiunionti,  dArch. 
„  SEtnardi.  'fOrl,.    - 

„  |)ectita  (one,  doubtful)  - 

Terebrirostra  lyra,  Stne.   - 
Terebratulina  atriata,  Wakt.    ■ 

LantrJlt'limnr/iiata. 
Area  Oallienuei  ?,  d'Or/,. 

„     pholiulifomiis.  (fOM 

„     serraU  f,  ifOr/: 

„    (Cuculliea)  glabra,  Part  (=fibrosa, 

„  „  maillcana,  (TOrb.    ■ 

CarJium  gentianum  Sow. 

„         aJutaceum  t,  Qoldf.,  or  new  sp. 
Cardita  teauicoata,  .SW.,  or  dubia,  if  Orb. 
,.       cottaldina,  (SOrb. 

CorWla,  sp. 

CucuUcea  (seft  Area) 

Oypriiiaap. 

Exogyra  eonica.  Sow.  ... 
„  colum ba,  .Voi/-.  -  -  - 
„        digitata,  Sotc. 

Oervillia  ap. 

Ittocardia  wp. 

Lima  ornata,  iTOrh.  -        -        -        - 

„     aemioniata,  iVOrh.  -        -        - 

„     semisulcata,  Son:     -        .        - 
Modiola,  (uetir  to  teiiualis,  Sou:) 

Mactra  sp. 

Mytilus  ap.  (small)    -        .        .        - 
Oatrea  canaliculata,  Sow.  - 

„       frona,  PrarX-.  (  =  cariiiatii,  Sow.) 

„        veaiculoaa,  Soir. 

„        veaieularia,  Sow.    .        -        - 
Pocten  asper.  Sow.     -        -        .        . 
Gilllieiin<-i. //■();/-. - 

„        hispidiis,  (JiMf.    ■ 

„        crbieulaiis,  .S„)r.    - 

„       (Neithea)  stiiuicostaltit,  d'Or/: 

„  „        cometa,  cCOrh. 

„  „        qiiadricostiitua.  Sow. 

„  „        i)uini|Uocoatatu!t,  Sow. 

Pectunculus  aublusvits  S<nF. 
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Ueol. 
Survey. 


LiameUihrattrkinta  —  cont. 
PltjUroniya        .... 
riicatula  intlata,  Sow. 

„       [lectinuides,  .Vuw. 
SpoiidyluH  striatus,  Sow.  - 

„  like  diitem|ilcituiiis  <rOrb. 

Tellinu  xtriatiilu.  Sow. 

„    Bp.         -        -        -        - 
TrigOQia  crenulifera,  Li/i: 

„       8)^>iiiosa,  I'ltrk. 

„       vicaryano,  Lijc.  - 
Uaicardiuiit      -        -        -        - 
Venus  si>.  .        .        .        - 

OittterofKxla. 

Avellana  bcnMoiU,  Mnnt. 

Naticfl  Genti  I,  Sow. 

Pleurotoiiiaria  Oibbui  (i),  Soip. 

„  (sjieuius  with  shell)    - 

„  (several  siiecies,  castx) 

Trochus  sp.       .... 

Fusus  riji. 

Soloriuui  ninghaiiii,  SetUt/ 


.?!'■  , 


t{Oenus  like  Helix) 

Ce/Juilofioda. 

Ammonites  dispor,  aOrii. 

„  Coujwi,  Bron/f.  (rare) 

„  falcatus,  Mint. 

„  navicularis,  Afan(. 

„  octoeulcatua  ?,  Skarjx 

„  raulinianus,  itOrfi. 

„  retiAuxiAtiue,  Shnriv  (iK 

rostratiis.  Sow.  (ran;) 
„  Salteri,  SluiTjif 

„  Hiilendens  (I),  Sow. 

„  Studeri,  /'.  (t  C.    - 

„  varians,  Sirw.  (mre) 

,,  Tracnii  lien  sis  I,  P.  it  C. 

Ancylorcras  or  HftuiiteH   - 

Anisoeeras  ammtus,  Sow.- 

Bacutites  liaculoides,  Mnwt. 

Jieleninitt-a  s|i. 

HaniiteH  rotundiis  1,  Sow. 

Xaiitiliu  sii. 

Turrilites  Borgeri.  Rifm(i. 
„  fostatuH  ],  Imhi. 
„        puzosianus,  dOrb. 

Helicoceros  I     -        - 

Vertrl/ifxla, 
Lamna  ap[>cndiculata,  A'j.  (tooth) 
Ptychodus  decurrenss  Ag.  (tooth) 


pauda 
pu)da 


CHAPTER  XII. 

UPPER  GREENSAND  (SELBORNIAN)  IN  WEST 
DORSET,  SOMERSET  AND  DEVON. 

West  Dorset. 
Upper  Greensand. 

Under  this  heading  will  be  included  the  upper  part  of  the 
Valley  of  the  Frome  from  Evershot  to  Maiden  Newton,  and  the 
outcrops  west  of  this  line  as  far  as  Beaminster  and  Cheddington 
where  the  main  outcrop  ends ;  also  the  esciirpment  which  extends 
from  near  Maiden  Newton,  by  Eggardon  Hill,  and  Askerswell, 
to  Little  Bredy,  north  of  Abbotsbury. 

No  representative  of  the  Lower  Gault  has  been  found  in  this 
part  of  Dorset,  but  as  the  base  of  the  formation  is  nowhere 
exposed,  we  cannot  be  sure  that  it  has  completely  thinned 
out,  though  It  probably  does  so  to  the  north  of  Beaminster. 

The  Upper  Greensand  has  a  thickness  of  about  100  feet  near 
Beaminster  and  Maiden  Newton,  but  increases  southwards  to 
160  feet;  the  greater  part  of  this  thickness  belonging  to  the 
zone  of  AiriTifK/iiitss  rostrattis. 

The  lowest  visible  beds  consist  of  fine  argillaceous  and 
micaceous  sand,  which,  in  the  more  western  part  of  the  area 
contain  large  lenticular  masses  of  grey  compact  calcareous 
sandstone  exactly  like  those  which  are  called  "  cowstoncs  "  near 
Lyme  Regis.  These  micaceous  sands  pass  up  into  soft  grey  and 
yellowish  sands,  and  these  into  greenish  sand  surmounted  by 
2  or  3  feet  of  nibbly  glauconitic  sandstone  like  that  previously 
described  near  Cenie  and  Evershot.  This  seems  to  be  the  top  of 
the  zone  of  AinincnitcH  rotrxduf^. 

Above  this  stony  bed  there  is  greensand  passing  up  into 
coarser  sand-rock,  which  in  turn  passes  up  into  a  hard  calcareous 
grit.  This  grit  consists  chiefly  of  large  rounded  quartz  grains 
set  in  a  matrix  of  finer  quartz  sand,  and  cemented  into  a  hard 
rock  of  crystalline  calcite.  There  are  some  glauconite  grains 
scattered  tnrough  it,  but  so  few  that  the  general  tint  is  yellowish- 
grey,  weathering  to  a  yellowish-brown.  This  calcareous  grit  is 
visible  in  many  places,  and  often  forms  a  visible  feature,  some- 
times projectmg  through  the  soil  and  forming  a  ledge  or  floor 
where  it  is  crossed  by  the  roadways.  It  is  the  equivalent  of  the 
glauconitic  sandstone  of  North  Dorset,  which  can  be  traced  to 
the  south  of  Evershot  passing  into  this  coarser  and  less  glauconitic 
rock. 

In  the  wes:tern  part  of  the  district  beds  of  soft  siliceous  earth 
containing  lumps  and  layers  of  chert  come  in  below  this  calcareous 
grit,  and  are  evidently  the  beginning  of  the  Chert-beds  which 
lorm  such  a  conspicuous  part  of  the  formation  in  Devonshire. 

The  exposures  m  the  Valley  of  the  Frome  near  Maiden  Newton 
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may  first  be  mentioned  The  lowest  beds  are  visible  in  the  rail- 
way-cutting south  of  Evershot  Station,  and  in  the  ditches  by  the 
side  of  the  railway  west  of  C'halmington ;  they  consist  of  fine  soft 
arrillaceous  and  micaceous  sand,  grey,  wet  and  semi-plastic. 

The  beds  which  fonn  the  top  of  the  zone  of  Ammonites 
rostnttus  are  exposed  in  the  steep  bank  by  the  fi^iit-garden  south 
of  Chalmington  House,  this  showing  about  6  feet  of  greenish  grey 
sand  passing  up  into  nibbly  glauconitic  sandstone  full  of 
Exogyra  con  lea  and  broken  Pecten  (Xeithea)  quadricostatun. 

A  better  exposure  occurs  in  a  sand  pit  at  Higher  Wraxall, 
south-west  of  Rampisham,  which  shows  the  same  glauconitic 
sandstone  2  or  3  feet  thick,  and  containing  Ex.  con  icu  and  a 
large  AvimAmitet^  rostnttm*.  Beneath  are  about  9  feet  of  soft 
greenish-buff  sand,  consisting  of  quartz  and  glauconito  in  very 
even  sized  grains. 

The  harcl  cxilciareous  grit  which  forms  the  summit  of  the 
Greensand  has  been  cjuarried  at  many  places — namely,  at  Higher 
Wraxall,  north  of  Chilfrome,  east  of  Cattistock,  west  of  Maiden 
Newton,  near  Toller  Fratnun,  on  the  road  from  Tollerford  to 
Wynford,  and  on  both  sides  of  the  valley  beyond  Wynford. 

One  of  the  best  sections  is  in  a  quarry  near  Maiden  Newton, 
on  the  road  to  Chilfrome,  the  beds  seen  here  being : — 


Clayey  soil  pii^ed  into  glauconitic  chalk,  with  a  layer  of 
puosphatic  n()dulcs  and  fossils  at  the  base    -        -        -        - 

Coarse  calcareous  gi'it,  very  hard  in  the  upper  part,  i)assing 
down  into  a  coarse  sandstone  with  hard  nodules  of  fine- 
grained calcareous  sandstone        -        -        -        -        about 

Loase  and  rather  coarse  sand-rock,  weathering  into  sand,  used 
for  garden  gravel 


Feet. 


2toS 


6 


About    12 


The  beds  arc  nearly  horizontal.  The  upper  surface  of  the 
calcareous  grit  is  decomposed,  waterworn,  ana  stained  with  green 
matter  which  penetrates  the  cracks  for  six  or  seven  inches.  The 
commonest  fossils  in  the  grit  are  Ctdopyyun  columlxirius  and 
Uolnster  Uvvisy  but  the  following  is  a  list  of  the  species  which 
I  obtained  from  it : — 


Pleurotomaria  sp.  (large). 
Exogyra  conica. 
Lima  seniisulcata. 

„     ornata. 
Modiola  Cott«. 
Ostrea  (large  flat  species). 
Ptcten  asi)er. 

orf)icul}iris. 

(Neitheii)  ijequicostatu^.  ? 
„         quadricostatus. 
Pectunculus  suMa'vis. 
Plicatula  inflata. 


Terebratula  ovata. 
Terebrirostra  lyra. 
Caratomus  rostratua. 
Cardiaster  fossarius. 
C -atopy giis  columbarius. 
Epiaster  Lorioli. 
Discoidea  subucula. 
Holaster  l«evis. 
Pseudodi-denia  Iknettiae. 
Rliynrhonella  diniidiata  var. 

Sclil(i^iil»aohi. 
( 'ottaldia  Hcnettia.'. 


At  Cattistock  a  curious  modification  of  the  grit  is  seen,  patches 
of  very  fine-grained  stone  occurring  not  only  ncvvr  the  base,  but 
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up  to  within  a  foot  or  so  of  the  top  not  as  separate  nodules,  but 
simply  as  portions  of  the  rock  which  are  free  irom  large  grains  of 
quartz.  They  merge  into  the  surrounding  parts,  which  are  full 
of  such  large  grains,  and  it  is  not  easy  to  understand  why  these 
large  grains  should  not  have  been  equally  distributed  through 
the  mass. 

Eggardon  Hill,  four  miles  south-west  of  Maiden  Newton,  is 
another  place  where  the  succession  of  the  beds  which  form  the 
Greensand  can  be  conveniently  studied.  The  exposures  near  the 
summit  were  thus  described  by  Mr.  Whitaker  in  1870^: — 
"On  Eggardon  Hill,  N.E.  of  Bridport,  the  Upper  Greensand 
forms  rocky  ledges  at  the  base  of  the  Chalk,  the  highest  being  of 
a  more  or  less  calcareous  grit  of  irregularly  weathered  (?  cal- 
careous) sandstone  with  dark  grains  and  fiill  of  fossils.  Between 
these  is  green  grey  sand,  full  of  stony  nodules  in  the  higher 
part,  and  indeea  passing  up  into  the  stone  above.  The  grey 
rocks  clad  with  lichen,  small  ferns,  and  ivy  are  very  pretty." 

South  of  Eggardon  Hill  the  slope  is  formed  by  a  succession  of 
landslips,  but  near  Spyway  the  Chert-beds,  consisting  of  fine 
light-grey  sands  with  nodules  of  chert,  appear  below  the  calcareous 
grit,  and  have  been  quarried  to  the  north-east  of  Askerswell. 

The  calcareous  grit,  with  Catopygu8  coliiiiibarius.RliynchiriieUa 
Schlcenbiichiy  TerebratelUi  pectita,  Lima  seTtiianUatay  and  Pecten 
orbicularis,  is  exposed  by  the  side  of  the  Bridport  road  at  the 
west  end  of  Chilcombe  Hill;  and  the  base  of  the  Gault,  as  far  as 
can  be  determined,  among  the  landslips,  lies  about  160  feet 
below.  This  estimate  receives  confirmation  in  the  outlying  mass 
of  Shipton  Hill,  where  the  base  of  the  Gault  occurs  at  the  400 
feet  contour,  while  the  hill  reaches  a  height  of  559  feet,  without 
including  any  part  of  the  calcareous  grit.  Allowing  8  feet  for 
the  thickness  of  that  rock  we  may  infer  that  the  combined  Gault 
and  Upper  Greensand  are  not  less  than  167  feet  thick. 

From  Chilcombe  Hill  the  outcrop  trends  south-eastward  by 
Litton  Cheney,  Long  Bredy,  and  Little  Bredy,  till  it  is  cut  otf 
the  great  fault  near  Abbotsbury. 

The  following  note  is  taken  from  Mr.  Strahan's  memoir,  "  Long 
Bredy  Hut  Lane,  which  leads  up  to  the  Downs  between  Down- 
field  Farm  and  Long  Barrow,  passes  three  sandpits ;  in  these 
the  strata  dip  nortnwards  at  35  and  present  the  following 
details  "  ^ :_ 

Feet. 

Calcareous  grit,  top  not  seen    - 1 

Soft  streaky  glauconitic  sand  with  chert 10 

Gap  between  two  of  the  pits. 

Hard  notlular  green  rock  with  E^rof^j/i-a  ronica         -        -        -  8 

Greensand  with  nodnlar  rock 10 

Soft  brown  sand  with  great  doggers  (.seen  in  the  pit  on  the 

east  side  of  the  road) 30 

59 


*  "  On  the  Chalk  of  the  Southern  Part  of  Dorset  and  Devon." — Quart- 
Jonrn.  Geol.  Soc  vol.  xxvii.,  p.  96. 

*  Geology  of  the  Isle  of  Purbeck  and  Weymouth,  p.  160. 
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Returning  to  the  northern  part  of  the  district  and  following 
the  outcrop  from  Maiden  Newton  towards  Beaminster,  we  find 
that  near  Hooke  and  Toller  Whelme  (or  Pinny's  Toller)  two 
changes  of  much  interest  set  in.  Several  small  quarries  at  these 
places  expose  the  junction  of  the  Chalk  and  the  Greensand,  and 
though  at  a  hasty  glance  it  seems  similar  to  that  near  Maiden 
Newton,  a  closer  examination  shows  that  the  topmost  foot  of  the 
calcareous  grit  has  a  different  appearance.  It  is  much  more 
calcareous,  having  a  whitish  calcareous  matrix  enclosing  numerous 
quartz  grains,  both  large  and  small ;  it  contains  many  fossils, 
Aratnonltea  varluv h  (ina  Ain.  ManteUi  hoing  common,  some  of 
them  broken  and  worn  before  embedment,  but  others  complete 
casts  filled  with  the  rock-matrix,  and  not  phosphatised.  There  are 
also  lumps  of  a  thick  irregular  calcareous  oreranism,  which  are 
very  rotten,  and  split  up  into  curved  layers,  and  seem  to  be  a  kind 
of  sponge.  These  are  so  abundant  in  places  as  to  give  quite  a 
character  to  the  rock ;  they  are  so  decomposed  that  Dr.  Hmde,  to 
whom  specimens  were  sent,  could  find  no  structure  in  them, 
though  he  found  stems  oi  Neimdinion  associated  with  them. 

The  rock  is  piped  and  stained  with  greenish  matter,  and 
contains  lumps  of  a  greenish  sandstone ;  its  upper  surface  is 
uneven  and  worn  into  rounded  hollows  and  bosses  which  are 
coated  with  a  thin  layer  of  brownish  phosphate.  On  this  rests 
the  usual  basement  nodule-bed  of  the  Chalk. 

The  upper  foot  of  rock  above  described  is  not  in  any  way 
marked  on  from  the  sandstone  below,  but  passes  down  from  a 
sandy  limestone  into  a  coarse  quartz-grit  which  at  a  depth  of 
three  or  four  feet  down  has  a  greenish  tinge,  the  base  not  being 
seen.  This  grit  contains  IWten  asper  and  Catopygiis  CAirivatua 
as  near  Maiden  Newton,  and  the  Ammonites  are  confined  to  the 
uppermost  12  inches. 

The  appearances  suggest  that  there  were  originally  passi^- 
beds  between  Chalk  and  Greensand  here  just  as  there  are  at 
Warminster,  namely,  a  calcareous  sand  with  a  fauna  like  that  of 
the  Rye  Hill  sand,  succeeded  probably  by  a  Chloritic  Marl  with 

Shospnatic  nodules ;  that  these  passiige-beds  were  broken  up  and 
estroyed  with  the  exception  of  the  very  bottom  layer  which  had 
become  calcified  and  consolidated  into  one  mass  with  the  under- 
lying sandstone. 

This  fossiliferous  layer  has  been  found  again  near  Beaminster,  but 

does  not  seem  to  occur  at  Cheddington,  so  that  it  is  of  small  extent. 

The  following  fossils  were  obtained  by  me  from  the  localities  above 

mentioned,and  Iamres}X)nsiblcfor  the  determination  of  the  species: 

Ammonites  Mantelli.  Inoceramus  sp. 

„         varians.  Nucula  obesa. 

Nautilus  sp.  Pecten  asi>er. 
Scaphites  ajoualis.  „     puzosianus. 

Turrilites  tuberculatus.  Plicatula  inflata. 

Acma^a.  Pectunculus  sublievis  ?, 

Pleurotomaria  (2  species).  Trigonia  vicaryana. 
Trochus  (cast). 


(.•atopy ^us  columbaiius. 
Cottaldia  15enettia\ 


Corbis  sp. 

Exogyra  conica.  Discoidea  subuculus. 

Ostrea  vesiculosa.  Holaster  subglobosus  var.  alius. 

,       laBvis. 
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The  other  change  mentioned  on  p.  is  the  recurrence  of  the 
Chert-bods,  which  are  absent  over  such  a  wide  space  in  North 
Dorset.  We  are  satisfied,  too,  that  their  non-occurrence  in  that 
area  is  a  real  absence  of  the  beds,  and  not  merely  of  the  chert 
nodules,  as  in  some  other  places. 

Traces  of  the  spicular  sands  and  cherts  were  noticed  north- 
east of  Beaminster,  and  a  ^ood  section  is  exposed  in  a  quarry 
on  the  west  side  of  Stinsford  Lane  north  of  Beaminster. 

The  beds  seen  here  in  1895  were  as  follows : — 

Feet, 
Whitish  mealy  siliceous  marl,  with  a  thick  layer  of  chert  at 
the  top,  lar^e  chert    nodules,  scattered    through  middle 
part,  and  whitish  calcareo-siliceous  stone  at  base  -        -      7 

Tliin  layer  of  loose  sandstone  pebbles  coated  with  green  matter. 

Hard   greenish  glauconitic  calcareous    sandstone,  thickness 
irregular from  1  to      2 

Dark  green  sand  with  calcareous  lumps 2 

Greenish  sand  with  calcareous  lumps  and  rusty  stains  passing 
down  into  soft  green  sand 6 


Another  pit  on  the  opposite  side  of  the  road  is  dug  still  deeper 
into  the  same  greensand.  Higher  up  the  roadway  the  Chert - 
beds  are  seen  again,  succeeded  by  the  calcareous  grit  which  forms 
the  summit  of  the  Greensand. 

The  above  section  shows  that  the  Chert-beds  come  in  between 
this  calcareous  grit  and  the  lower  bed  of  green  calcareous  sand- 
stone which  was  seen  at  Eggardon  and  Cnalmington ;  the  lower 
sandstone  being  apparently  the  top  of  the  zone  of  Amvionites 
roatratua.  In  the  Stinsford  Lane  quarry  the  layer  of  sandstone 
pebbles  seems  to  indicate  a  slight  erosion  and  current  action,  and 
very  small  bits  of  green-coated  stone  are  included  in  the  over- 
ling bed. 

No  fossils  were  found  in  the  Chert-beds,  but  the  following 
occur  in  the  green  stone  and  sand  below : — 

Neithea  quadricostata  (common). 
Pecten  orbicularis. 
Exogyra  conica  (abundant). 
Discoidea  subuculus. 


It  is  interesting  to  note  that  although  no  trace  of  Gault  clay 
has  been  observed  near  Beaminster,  yet  that  dark  grey  micaceous 
sand,  containing  large  burrs  or  doggers  of  hard  and  compact 
grey  sandstone,  like  the  Cowstones  of  the  coast  sections  near 
Charmouth,  has  been  seen  at  two  localities.  Near  Marsh  Farm, 
1^  miles  east  of  Beaminster,  there  are  slipped  masses  of  these 
lowest  sands,  and  the  sandstone  burrs  lie  in  the  watercourse 
which  drain  into  the  valley  below.  Again  a  mile  and  a  hall 
north-west   of   Beaminster,  at    the   southern   entrance  to   the 
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tunnel  on  the  main  road,  these  sands  and  burr  stones  may  be 
seen  in  place,  the  stones  here  resembling  the  upper  layers  of  the 
Cowstones  at  Black  Ven.  The  exposure  appears  to  be  about  20 
feet  above  the  base  of  the  Greensand,  and  tnc  total  thickness  of 
the  formation  hero  may  be  a  little  over  100  feet. 

A  higher  part  of  these  micaceous  sands  is  exposed  in  sand  pits 
on  Crook  Hill,  north  of  Cheddington.  The  sand  here  is  nne, 
soft,  buff  coloured  and  micaceous,  and  in  the  pit  at  the  west  end 
of  the  hill  I  found  lenticular  patches  of  brown  ferruginous  sand 
crowded  with  a  small  Av'wuhiy  resembling  pei.tivata,  Sow.  In 
the  soil  at  the  top  of  the  pit  on  the  south  slope  are  valves  of 
Exogyra  conica  silicified.  There  is  another  sand  pit  at  Milliards 
Corner  nearer  Cheddington,  and  in  this  sand  casts  of //Mcina  and 
other  shells  are  discernible. 


Borders  of  Somerset  and  Devon. — Crewkerne 

AND  Chard. 

Upper  Greensand. 

Beyond  the  north-western  termination  of  the  main  escarpment 
of  the  Upper  Greensand  in  Dorset  there  are  several  outlying  tracts 
varying  greatly  in  size,  but  most  of  them  capped  by  outliers  of 
Chalk,  so  that  they  include  the  full  thickness  of  the  Greensand. 
These  lead  on  to  the  larger  tract  of  Cretaceous  sands  which 
extends  from  the  neighbourhood  of  Chard  to  the  Blackdown 
Hills ;  in  the  eastern  part  of  this  tract  around  Membury,  Chard, 
and  Combe  St.  Nicholas,  there  are  again  outliers  of  Chalk, 
beneath  which  the  highest  beds  of  the  Greensand  are 
preserved. 

South  of  Crewkerne  the  thickness  of  the  Greensand  is  not 
much  over  100  feet,  and  the  succession  of  beds  is  the  same  as 
near  Beaminster,  but  as  they  are  followed  westward  to  Chard 
several  parts  of  the  formation  increase  in  thickness,  and  the  total 
amounts  to  about  180  feet.  Thus  the  Chert-beds,  which  near 
Crewkerne  are  only  five  to  six  feet  thick,  thicken  to  25  and  30 
feet  near  Chard ;  and  the  soft  yellowish  sands  which  form  the 
central  part  of  the  series  and  are  commonly  known  by  the  name 
of  "  Foxmould,"  reach  nearly  twice  the  thickness  they  have  in 
West  Dorset. 

Nowhere  in  this  area  have  the  basement-beds  been  observed, 
but  it  is  supposed  that  they  correspond  with  the  grey  sands  and 
"  Cowstones  '  of  the  coast  section.  The  beds  referable  to  the  zone 
of  Ammonites  rostratus  must  be  about  140  feet  thick,  and 
they  terminate  with  a  speckled  glauconitic  sandstone  like  that 
described  in  West  Dorset.  The  zone  of  Cardiaster  foesarius, 
including  the  Chert-beds  and  the  calcareous  grit,  varies  from  16 
to  40  feet  in  thickness. 

Sand-pits  and  road-cuttings  in  the  outliers  south  and  south- 
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west  of  Crewkeme  show  that  the  succession  there  iexisting  is  as 
follows: —  • 

Feet, 
6  h.  Hard  nodular  qiiartziferous  limestone,  with  green  stains 
and   coatings, 'iJassing  down   into    hard   nodular  cal- 
careous grit,  and  finally  into  coarse  glauconitic  sand  . 

with  hard  calcareous  nodules 8 

6  a.  Coarse  sand,  chiefly  quartz,  but  with  some  glauconitic 

grains,  enclosing  some  hard  white  calcareous  concretions  2  to  2j 
4  b.  Greyish-white   fine-grained    coherent  sand,    with  white 
siliceous  stone  and  irregular  layers  of  light  brown  flinty 

chert      -        ".•.       "        ". 6to8 

4  a.  Dark  green  glauconitic  sand,  with  large  lumps  of  greenish 
calcareous  sandstone,  and  in  some  places  smaller  green- 
coated  nodules  derived  from  the  bed  below  -        -        -  1  to  1 J 

3.  Rubbly  whitish  calcareous  sandstone,  with  green  grains 
passing  down  into  nodular  calcareous  sandstone  and 
glauconitic  sand  with  calcareous  lumps  -        -        -  10  to  12 

2.  Greenish-grey  sand,  with  lenticular  masses  of  sand  con- 
solidated bv  chalcedonic  silica       -        -        -        -        -      6 

1.     Soft  yellowish-greeii  sands,  passing  down  into  soft  loamy 

micaceous  yellow  sand,  about 70 

Over  100 

Beds  2,  3  and  4  are  exposed  in  tbe  lane  ascending  Shave  Hill, 
south  of  Grewkerrke,  ancj  in  a  quarry  at  the  corner  of  the  lane  to 
Henley.  The  glauconitic  sandstone  No.  3  is  evidently  the 
continuation  of  the  lower  sandstone  of  Eggardon  Hill  and 
Beaminster ;  it  is  full  of  Exogyrct  conica,  and  also  yields  Fecten 
{Neithea)  quadricostatuSj  Lima  seTnisvZcata,  Rhynchonella  diTni- 
diata,  Catopygus  columbariua,  Echinobriesus  lacwnoaxna  and 
spines  of  Cidaria,  The  stone  here  is  in  large  irregular  masses, 
which  hardly  form  a  continuous  bed.  Another  good  exposure  of  it 
is  at  the  comer  of  the  cross  roads  at  Wayford,  2^  miles  south-west 
of  Crewkerne ;  here  the  rocky  bed  is  overlain  by  greensand  full 
of  derived  green-coated  nodules,  and  among  these  are  Exogyra 
conica,  Ex.  col/wmba,  Pecten  sp,  and  Rhynchonella  dimidiata. 
The  Chert-beds  come  on  above,  and  I  regard  this  rubbly  green- 
sand  as  the  base  of  the  Cardiast&i*  foaaarius  zone. 

The  most  complete  section  however  is  in  the  road-cutting 
west  of  Warren  Hill,  2  J  miles  west  of  Crewkerne,  this  showing 
the  whole  from  the  junction  with  the  Chalk  down  to  the  top 
of  No.  1. 

The  nodular  calcareous  grit  at  the  top  is  clearly  a  continuation 
of  that  in  West  Dorset,  out  it  has  a  more -nodular  character 
owing  to  the  fact  that  the  fine  sand  is  more  separated  into 
patches,  which  are  fairly  sharply  defined  from  the  coarser  portions 
and  in  the  lower  part  form  defanite  nodular  lumps.  Fossils  are 
less  common  in  it  than  in  Dorset. 

The  Chert-beds  are  here  only  5  feet  thick,  but  in  a  pit  on 
Chillington  Down,  further  west,  7  feet  are  exposed  \^thoul 
reaching  the  base,  and  in  a  {>it  at  Higher  Chillington  there  are 
large  reddish  brown  cherts  in  a  layer  of  buff  sand  above  the 
first  2  feet  of  coarse  sand.  Hero  too  this  coarse  sand  contains 
Ugrge  Pecten  {Neithea)  quadnricoitatus. 
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Further  west,  near  Chaffcombe,  the  calcareous  grit  becomes 
less  quartziferoiis,  and  passes  into  a  more  calcareous  stone,  which 
is  largely  composed  of  fragments  of  comminuted  shell,  while  the 
coarse  sand  below  is  replaced  by  white  shell-sand.  These  beds 
are  exposed  in  a  quarry  by  Knapp  Cottages,  half  a  mile  east  of 
Chaffcombe,  the  section  Ixjing  as  follows : 

Feet 

Soil  and  rubble  ui  C-liloritic  marl 2 

Hard  calcareous  grit  witli  small  Rhfnchmielta^  and  fragments 

of  Crustacea  (claws,  kc.) Cj 

Soft  white  shell  sand  and  sandstone 3 

C'hert-beds,  tine  siliceo-calcareoua  sand  with  lenticular  lumps 

of  flinty  chert 10 

The  road-cutting  through  Hazlewood  Hill,  north-west  of 
Winsham,  shows  12  or  18  feet  of  chert-beds,  underlain  by  3  feet 
of  nodular  glauconitic  sandstone  >vith  the  usual  fossils,  and 
8  feet  of  greensand  with  calcareous  nodules. 

At  Snowdon  Hill,  west  of  Chard,  there  are  largo  quarries 
where  the  chert-beds  are  quarried,  and  the  Chalk  above  the 
Chloritic  marl  is  burnt  for  lime,  so  that  a  line  section  is  exposed. 
The  calcareous  grit  is  here  between  8  and  9  feet  thick,  very  hard 
and  quartzose  throughout.  The  chert-beds  consist  ot  grey 
glauconitic  sandstone  cemented  by  calcite,  with  lenticular  seams 
of  chert,  and  nearly  30  feet  of  them  are  exposed.  Further  north 
are  old  quarries  and  caves  whence  the  sandstone  has  formerly 
been  dug  for  building-stone.  The  beds  dip  at  about  5^  to  the 
west,  and  are  broken  by  two  parallel  faults  running  nearly  north 
and  south,  and  about  30  feet  apart,  the  block  between  them  being 
raised  five  or  six  feet    {See  Fig.  60.) 

There  are  large  overgrown  quarries  on  Storridge  Hill  east  of 
Chardstock,  and  a  small  one  still  open  on  the  Chard  side  of  the 
boundary-hedge  shows  the  calcareous  grit  dipping  eastward  at 
about  Vl^,  passing  down  into  a  less  ciilcarcous  sandstone,  the 
whole  about  8  feet  thick  and  full  of  the  claws  and  broken 
remains  of  crabs  in  the  top  2  or  3  feet.  Beneath  are  5  feet  of 
the  Chert-beds. 

At  the  south  end  of  Storridge  Hill  the  lower  part  of  the 
chert -beds  with  the  underlying  glauconitic  sandstones  are 
exposed,  thus : — 

Feet. 

Fine  greyish  sand  with  layers  of  chert 5 

Hard  nodular  glauconitic  sandstone  with  calcareous  cement, 

containing  a  few  nodulas  of  chert  at  the  ])ase       -        -        -      4j 
Coarse  greenish  glauconitic  sand  with  scattered  lumps  of  cal- 
careous sandstone 3| 

There  is  no  greensand  here  above  the  sandstone,  but  its  upper 
surface  is  decomposed  and  loose  with  green-coated  nodules  of 
sandstone  and  broken  shells. 

From  the  above  account  it  will  be  seen  that  I  cannot  entirely 
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confirm  the  succession  given  by  Mr.  Davidson  in  1852  on  the 
authority  of  Mr.  J.  Wiest.^  His  Scaphites  Bed  (No.  III.)  is  clearly 
the  hard  nodular  base  of  the  chloritic  marl,  and  below  this  he 
distinguishes  three  other  bods  as  follows : — 

"  IV.  Green  Bed,  near  Cliardstock,  distinctly  separated  from  III., 
forms  a  nard  compact  mass  of  rocks,  with  abundant  siliceous 
and  chloritic  grains,  from  six  inches  to  three  feet  in  thickneas, 
and  containing  tlie  greatest  variety  of  fine  fossils.  NndeoliUi 
Morndiy  N.  hcu7iosuSy  Terebrirostra  lyra. 
"  V.  Crustacean  Stnitum^  lass  cemented  than  IV.,  with  siliceous  grains 
predominant,  one  to  three  feet  in  thickness.  It  contains  a 
few  Terebratulix  and  Pecteiis,  but  chiefly  remains  of  crabs. 

"  VI.  Nautilus  loBvif/atus  layer,  a  loc)se  sand  nearly  one  foot  in  thick- 
ness, containing  but  few  fossils. 

The  total  maximum  thickness  of  these  three  beds  being  only 
7feet,it  is  obvious  they  must  bo  portions  of  the  bed  I  have  described 
as»"  calcareous  grit."  This  certainly  contains^  a  ^eater  number 
of  fossils  in  the  upper  part  than  the  lower,  but  it  is  in  this  upper 
part  that  Cnistacean  remains  are  also  abundant,  particularly  east 
of  Chardstock,  where  the  top  part  is  crowded  with  them.  It  is 
strange  therefore  that  Mr.  Wiest  should  describe  them  as  occurring 
in  a  stratum  from  J  foot  to  3  feet  below  the  top.  He  seems,  how- 
ever, to  have  collected  carefully  from  the  deposit,  and  the 
Brachiopods  mentioned  by  Mr.  Davidson  as  occurnng  in  his  Beds 
IV.  and  V.  are : — 

Terebratula  semiglobosa  ?     *       Rhynchonella  compressa(  ^  dimidiata, 

„  ovata.  var.  convexa). 

Kingena  lima.  „       depressa(=Schloenbach]). 

Terebratella  pectita.  „        nuciformis  (doubtful). 

Terebrirostra  lyra.  ^  „        grasiana. 

Rhynchonellalatissima(dimidiata). 

All  these,  except  perhaps  the  first,  are  Warminster  Greensand  species. 
Mr.  Wiest  mentions  ^ucleotites  [Echinohrissus]  MorriMi  and  K,  laruno9%ii 
as  occurring  in  Bed  IV.,  while  Dr.  Wright  quotes  the  latter  from  Chard- 
stock Chloritic  Marl ;  but  as  Wright  also  says  he  obtained  his  best 
specimens  of  Catopi/fjtus  carinatns  from  "  the  Chloritic  Marl  near  Chard," 
1  think  ho  must  have  regarded  the  calcareous  grit  as  part  of  the  Chloritic 
Marl,  for  that  fossil  is  certainly  not  common  m  the  latter,  and  the  best 
specimens  I  have  seen  came  from  the  calcareous  grit  of  \fai(len  Newton. 

As  Mr.  Wiest  says,  the  plane  of  division  between  the  calcareous 
sandstone  and  the  Scaphites  bed,  or  noduliferous  base  of  the  Chalk 
Marl,  is  distinct,  and  fallen  blocks  in  the  quarry  at  Chard  often  split 
along  this  plane  showing  a  surface  crowded  with  broken  shells, 
especially  of  Trigtmioi ;  the  hollows  and  cracks  are  filled  with  green 
matter,  but  the  shells  are  confined  to  a  few  inches  at  the  top  of  the 
sandstone,  and  this  I  suppose  to  be  Mr.  Wiest  s  "  green  bed." 

It  is  a  curious  fact  that  Pecten  (isper  has  not  been  found  in  the 
calcareous  sandstone  of  this  district,  but  is  common  in  the  over- 
lying nodule-bed  at  the  base  of  the  Chalk. 

The  soft  sands  which  form  the  lower  portion  of  the  Greensand 
are  not  often  exposed  near  Chard,  but  a  sandpit  on  Foxdon  Hill 

*  "  Cretaceous  Brachiopoda,"  Pal.  Soc,  1862,  Part  ii.,  p.  114. 
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near  Wadeford  shows  about  30  feet  of  them.  The  utper  seven  or 
eight  feet  are  green  sand,  with  lenticular  nodules  ot  very  impure 
sandy  chert;  the  lower  part  consists  of  clean  yellowish-green 
sand,  without  fossils  or  chei-ts.  This  appears  to  be  about  100  feet 
above  the  base  of  the  Greensand. 

Sand  which  appears  to  bo  about  30  or  40  feet  above  the  base  is 
dug  by  the  road  to  Crewkerne,  about  a  mile  cast  of  Chard,  and 
consists  chiefly  of  small  even-sized  quartz-grains,  with  enouffh 
disseminated  glauconito  to  give  it  a  greenish  tint,  and  a  smaller 
quantity  of  mica. 

There  is  also  a  small  outlier  of  sand  at  a  place  called  Horns- 
bury,  a  mile  and  a  half  north-cAst  of  Chard,  the  highest  part  of 
which  cannot  be  more  than  20  feet  above  the  base,  and  yet  the 
sand  hero  is  not  markedly  micaceous  ;  it  is  much  weathered  and 
oxidised  to  a  yellow  colour,  and  is  capped  by  a  patch  of  gravel 
Dr.  Spicer,  of  Chard,  possesses  some  lumps  of  shelly  sand  which 
were  said  to  have  come  from  Homsbury  Hill  pits.  The  fossils 
are  silicified  and  resemble  Blackdown  specimens.  Among  them 
are  Cardiicvi  hiUaniimy Tv'ujovin  dmlalca ^Trujou ia .scahricoUi?, 
Cytherea  s^.,Cytherea  capcratu.  I  and  Avdhiva  incrassufa.  If  they 
really  came  from  this  locality  they  are  interesting  as  connecting 
the  basal  sands  of  the  Chard  district  with  those  of  the  pits  at 
the  western  termination  of  the  Blackdown  Hills. 

Putting  together  all  the  exposures  of  Upper  Greensand  seen 
near  Chard,  we  have  the  following  succession  for  the  Selbornian 
of  this  district : — 

Feet. 

Hard  nodular  calcareous  grit  passing  down  into  softet 
sandstone  with  calcareous  lumps,  aiul  sometimes  largely 
composed  of  shell  sand -         8tol) 

Soft  greyish  fine-grained  sand,  sometimes  cemented  into 
a  sandstone  by  calcite,  enclosing  lenticular  layer-  }V.u\ 
notlules  of  bhwk  chert -        -      15  to  3o 

Hard  ciilciferous  glauconitic  sandstone,  passing  down 
nto  coarse  gieenish  glauconitic  sand,  with  lumps  of 
calcareous  grit -        -        -        8  to  10 

Green  sand  with  broken  shells  and  lenticular  lumps  of 
impure  sandy  chort        -        -        -        -        -        -        -      10  to  12 

Soft  fine  gi"'eenish -yellow  sand,  consisting  of  small  grains 
of  quartz  and  glauconile.  Similar  yellowish  sand 
becoming  slightly  micaceous  in  the  lower  pari  ;  base 
not  seen 120  or  more 
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GAULT  AND  UPPER  GREENSAND  (SELBORNIAN)  IN 

SOUTH  DORSET  AND  DEVON. 

Coast  Sections  from  Golden  Cap  to  Axmouth. 
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Tho  sections  now  to  be  described  lie  partly  in  Dorset  and 
artly  in  Devon.    The  distance  between  Shipton  Hill   east  of 

ridport  and  Golden  Cap  to  the  west  of  that  town  is  about  six 
miles,  and  in  this  space  a  certain  amount  of  change  seems  to 
have  taken  place  in  the  composition  and  thickness  of  the 
formation. 

Along  the  main  outcrop  in  South  and  West  Dorset  the  Gault 
has  not  been  seen,  but  the  occurrence  of  clay  in  the  place  of  the 
^  Lower)  Gault  along  the  coast  ncixr  Charmouth  and  Lyme  Regis 
makes  it  probable  that  it  really  continues  through  Dorset.  Every 
part  of  the  formation,  however,  seems  to  be  thicker  in  these  coast 
sections ;  the  Gault  and  the  overlying  soft  sands  together  seem 
to  be  at  least  170  feet  thick  near  Lvme,  and  there  is  a  thick 
capping  of  chert  gravel  on  Timber  Hill  above,  which  is  accounted 
for  west  of  Lyme  by  about  60  feet  of  sandstones  with  lavers  and 
nodules  of  chert,  so  that  the  total  thickness  near  that  place  may 
be  from  220  to  230  feet,  as  compared  with  only  167  feet  near 
Bridport  (see  p.  178). 

The  overstep  of  the  Cretaceous  beds  over  the  members  of  the 
Jurassic  series  is  very  conspicuous  in  these  coast  sections 
Golden  Cap  is  the  intersection  of  an  outlier  resting  on  Middle 
Lias ;  the  next  outlier,  Stonebiirrow  Hill,  overlies  the  junction  of 
the  Middle  with  the  Lower  Lias ;  the  Black  Ven  Gault  rests  on 
the  upper  beds  of  the  Lower  Lias,  and  the  larger  tract  west  of 
Lyme  passes  across  the  rest  of  the  Lower  Lias  and  across  the 
Rluetic  Bods  till,  in  the  fine  cliff  at  the  mouth  of  the  Eiver  Axe, 
it  is  seen  to  lie  directly  on  the  red  marls  of  tho  Triassic  Series. 

The  coast  sections  near  Lvme  and  Axmouth  have  been  visited 
by  many  geologists,  and  many  opinions  have*  been  expressed 
with  regard  to  the  ago  and  correlation  of  the  In'ds  seen  in  them. 

The  earliest  description  of  them  is  that  of  Sir  H.  De  la  Beche 
in  1826  ^ :  he  gives  a  good  general  account  of  the  succession  near 
Lyme  Regis,  and  of  the  Whitecliff  scjction  near  Beer.  He  speaks 
of  the  beds  as  "Greensands  below  the  Chalk,"  and  does  not 
specially  compare  them  with  the  *  Greensands '  of  more  eastern 
counties. 

Dr.  Fitton,  whoso  memoir  was  published  in  1836,^  gives  a  briei 
account  of  the  same  sections,  and  expresses  his  belief  that  they 

*  Trans.  Geol.  Soc,  Ser.  2,  vol.  ii.  \\  113. 
2  Trans.  Geol,  Soc,  Ser.  2,  vol.  iv.  p.  233. 


SELBORNIAN:   GOLDEN   CAP.  183 

include  roDresentatives  of  both  the  Lower  and  Upper  Greensand. 
**  The  GaiUt,"  he  says,  "  has  wholly  disappeared,  but  some  of  its 
characteristic  fossils  are  found  in  the  sand  and  grit  of  the  cliffs 
to  the  west  of  Lyme."  Ho  thought  the  Lower  Greensand  was 
much  reduced  in  thickness  and  had  coalesced  with  the  Upper 
Greensand,  and  this  view  remained  in  vogue  for  a  long  time. 

In  1842  Mr.  God  win- Austen  came  to  the  conclusion  that  the 
basement-beds  of  the  Devonshire  Greensand  were  probably  "  a 
sandy  condition  of  the  Gault,"  ^  a  sound  conclusion  which  is  con- 
firmed by  all  the  latest  observations  and  enquiries.  Many 
subsequent  writers,  however,  have  been  very  loth  to  give  up 
Fitton's  idea  that  the  Lower  Greensand  was  represented  in  the 
Devonshire  sands.  It  was  for  a  long  time  thought  that  many 
of  the  Blackdown  fossils  were  Lower  Greensand  species,  but  at  the 
present  time  it  is  doubted  whether  any  species  are  conunon 
to  the  two  formations,  and  certainly  none  of  the  specially 
characteristic  Lower  Greensand  species  occur  in  the  Blackdown 
Beds  or  in  the  basement-beds  on  the  coast. 

The  publications  of  Mr.  C.  J.  A.  Meyer  illustrate  the  gradual 
progress  of  opinion  on  this  point.  Writing  in  1863,- and  again 
m  1866,^  he  expresses  his  belief  in  the  presence  of  the  Lower 
Greensand  on  the  Devonshire  coast,  but  in  1874"*  he  states  his 
opinion  in  less  positive  terms,  and  adds  the  following  observation : 
"it  is  only  fair  to  say,  however,  that  the  pala^ontological  evidence 
then  chiefly  relied  on  has  proved  far  from  satisfactory."  At  the 
present  day  he  admits  the  existence  of  Gault  near  Lyme  Regis, 
and  has  finally  relinquished  the  view  that  anything  older  than 
such  Gault  exists  among  the  Cretaceous  Rocks  of  Devon. 

The  divisions  recognised  by  De  la  Beche  were  in  descending 
order  (1)  Chert  Beds,  (2)  Foxmould,  and  (3)  Cowstone  Beds,  but  he 
did  not  recognise  the  representative  of  (4)  the  Gault  which 
underlies  the  Cowstones.  The  zonal  age  of  the  Devonshire  Gault 
is  a  little  doubtful,  but  it  probably  belongs  to  the  upper  part  of 
the  Lower  Gault;  the  Cowstone  Sands  and  the  Foxmould 
certainly  represent  the  Upper  Gault  or  zone  of  Ammonites 
rostratns.  In  describing  the  section  it  will  be  convenient  to  take 
the  throe  lower  sub-divisions  together,  and  to  give  a  separate 
account  of  the  Chert  Beds. 


Stratigraphical  Details. 
Gault  and  Foxmould  Sands. 

Golden  Cap  is  a  hill  which  has  been  bisected  by  the  erosion  of 
the  sea.  North-east  of  it  and  connected  by  a  narrow  strip  ol 
Gault  clay  and  sand  is  another  hill  of  nearly  the  same  height 
called  Langdon  Hill,  and  further  inland  is  Hardown  Hill,  which 


1  Trana.  Oeol.  Soc,  Ser.  2,  vol.  vi.  p.  449.        ^  Ocol.  Mag.,  vol.  iii.  p.  13. 
«Geologi8t,  vol.  vi.  \\  r>0.      *  Quart.  Jouni.  (ieol.  Soc,  vol.  xxx.  p.  382. 
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rises  to  677  feet,  and  is  capped  by  a  mass  of  chert  gravel  and 
slipped  masses  of  the  Chert-beds. 
Fig.  61  shows  the  manner  in  which  these  outliers  come  in. 
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Tho  front  of  (Joklen  CJap  dift"  prc>soiits  a  ffwd  section  of  the 
lowor  mrt  ot  tho  StJbornian,  and  tho  baso  is  not  difficult  to 
roach  It  descent  m  made  from  tho  top  of  tho  cliff  on  tho  eastern 
sme  ot  the  hill.    There  is  a  thin  cappmg  of  chert  gravel  on  tho 
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highest  part  of  the  hill,  and  below  this  are  soft  yellow  and 
greenish  glauconitic  sands,  often  in  stripes  or  bands  of  yellow  and 
green,  the  green  havinjj  more  fflauconite  than  the  yellow.  The 
thickness  of  this  sand  is  probably  100  feet,  and  it  rests  on  the 
topmost  bed  of  the  following  series  which  was  measured  in 
1896:- 

Feet. 
Dark  grey  sandy  clay  with  Oault  fossils 6 

Grey  glauconitic  sand  passing  down  into  grey  argillaceous  sand    12 

Dark  grey  sandy  clay,  the  lowest  six  inches  containing  small 
pebbles  of  quartz  and  lydianite     ------      e 

Soft  yellowish-brown  sand  with  a  layer  of  pebbles  at  base 
about  two  inches  thick         --j--_-2 

Soft  yellow  sand,  with  some  glauconit«  grains  -        -        -      2j 

Bed  of  pebbles  in  sandy  clay,  resting  on  Lias  -        -        -        -      i 

The  fossils  found  in  the  upper  bed  of  clay  were  Pecten 
orbicularis,  Liinct  parallebc,  Cucullcea  glabra,  Pinna  (fragment) 
and  Lingula  subovalis,  Mr.  De  Rance^  has  recorded  Nucula, 
pectinata,  Pinna  tetragima,  Inoceramus  concentricus  and 
Neithea  quadricostata. 

Having  washed  a  sample  of  the  lowest  pebble-bed  I  found  it 
consist  mainly  of  different  varieties  of  quartz,  with  some  fragments 
of  black  and  grev  chert  and  lydianite. 

Out  of  100  peobles  the  proportion  was  as  follows : — 

Yellow  quartz  and  (0  quartzite        -        -        -  60 

Clear  white  quartz 30 

Quartz  with  tourmaline 2 

Chert  and  lydianite 8 

The  clear  quartzes  are  mostly  small,  about  the  size  of  swan  shot ; 
the  larger  peobles  are  of  yellow  quartz  and  chert,  most  of  them 
angular  or  subangular,  as  if  they  had  not  travelled  far ;  these  are 
an  inch  or  more  in  length,  but  the  smaller  ones  are  rounded. 
Some  of  the  largest  chert  fragments  were  sent  to  Dr.  Hinde  who 
found  that  several  contained  traces  of  lladiolaria,  and  were 
similar  to  the  Culm-measure  cherts  near  Dartmoor. 

The  overlying  yellow  sand  is  of  fine  grain,  and  a  washed 
sample  was  found  to  consist  mainly  of  small  quartz  grains,  with 
a  few  larger  ones,  some  of  which  are  red  carnelian ;  there  is  also  a 
fair  sprinkUng  of  dark  green  glauconite  grains,  and  a  few  flakes  of 
mica. 

The  next  cliff  exposure  is  in  the  face  of  Black  Ven,  where  the 
lower  beds  are  easily  accessible,  and  fresh  exposures  are  frequently 
laid  open  by  the  slipping  of  the  Lias  cliff  below.  The  successi(m 
here  has  been  described  in  a  gc^noral  mannor  by  Mr.  C.  E,  De  Ranee 
in  1874*^  and  by  the  Kov.  W. Downus  in  1885>     Neither  of  those 


^  (j^eol.  Mag.,  Dec.  2,  vol.  i.  p.  220.  ^  Op.  cit, 

5  Quart.  Jour.  Geol.  Soc.,  vol.  xli.  p.  33, 
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writers,  however,  seems  to  have  realised  the  great  thickness  of 
the  sands  at  this  place,  and  it  is  a  difficult  section  to  measure, 
because  the  exposures  are  disconnected  and  separated  by  slopes 
and  boggy  hollows. 

Visiting  the  place  in  1895,  with  the  advantage  of  having  the. 
contoured  six-uich  map  in  my  liands,  I  found  a  good  exposure 
of  the  Gault  in  sit  a  at  a  spot  very  little  above  the  300  feet 
contour-line,  and  could  identify  the  yellow  sands  with  obscure 
impressions  of  shells  in  which  ilr.  Downes  found  his  Blackdown 
fauna,  just  above  the  roadway  at  a  height  of  about  425  feet. 
This  spot  therefore,  instead  of  being  50  feet  above  the  place 
where  ho  found  Gault  fossils,  is  at  least  100  feet,  and  there  is 
another  30  or  40  feet  of  sand  above  capped  by  chert  f(ravel. 
This  gravel,  moreover,  comes  down  to  a  lower  level  on  the  eastern 
spur  of  the  hill  than  at  the  western  end,  where  there  is  a  quarry 
snowing  gravel  overlying  sand  at  the  500  feet  contour,  while  the 
base  of  the  Gault  seems  to  be  about  180  feet  below.  The  full 
thickness  of  the  sands  and  sandy  clays  below  Timber  Hill,  as  it  is 
called  on  the  Ordnance  maps,  may  be  taken  at  180  feet,  and  in 
order  to  calculate  the  total  thickness  of  the  Selbomian  at  this 
place,  we  must  add  the  probable  thickness  of  the  Chert-beds,  for 
which  40  feet  is  a  low  estimate. 

Not  only  is  there  no  exposure  of  Chert-beds  in  place,  but  I 
could  not  iind  any  trace  of  tiie  hard  glauconitic  sandstone  which 
underlies  them  both  in  the  country  to  the  north  and  in  that  to 
the  west.  The  highest  visible  bed  is  a  brownish  sand  with  green 
grains  and  many  broken  shells  of  Fceten  (Xpifhea)  quadricostata, 
recalling  sand  seen  at  Foxdon,  near  Chard  (see  p.  181). 

Below  this  comes  the  usual  yellowish  grey  sand  or  Foxmould, 
and  in  it  at  a  spot  about  a  mile  and  a  quarter  from  Lyme  Regis, 
and  just  above  the  roadway,  is  the  sand  described  by  Mr.  Downes; 
portions  of  it  are  sufficiently  tenacious  to  require  splitting  with  a 
knife,  and  these  contain  impressions  of  fossils,  among  which  I 
could  recognise  Cardiv/ni  hillamivi,  Cyfherea  caperata,  Cyprina 
cuneata,  Gcrvillia  solenoides,  and  a  Trigonia,  with  Ostrea 
caiydicidata  and  Exogyra  conica  as  shells. 

Mr.  Downes  was  fortunate  enough  to  find  a  nest  of  silicified 
but  fragmentary  fossils  here,  which  he  describes  as  resembling 
very  |X)or  Blackdown  specimens.  Among  them  he  identified  the 
fQjlowing  species : — 


Cyprina  cuiieata  (abundant). 
Gervillia  rostrata  (abundant). 
Gytherea  caperata. 
Tri^onia  scabricola. 
CucuUaia  fjjiabra. 

„        var.  fibrosa. 
Exogyra,  a\). 


Cardiuni  iwoboscideum. 

Pecten  orbicularis. 

Neithea  quinquecostata. 

Turritella  granulata. 

Phasianellal 

Serpula. 

Siphonia. 


Below  the  level  of  the  roadway  there  is  no  continuous  section, 
but  at  the   end  of  a  promontory  below  the  west  end  of  the 
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Charmouth  cutting  there  is  a  good  exposure,  where  the  following 
succession  was  measured : 


Part  of 
Foxmould. 


Cowstones 


Gault  - 


'  Yellowish  sand;  weathered  at  ton,         -       about 

Greenish-grey  glauconitic  sana  with  scattered 
(  calcareous  concretions  of  the  same  colour  en- 
closing Serpula{  VermiculaTm)co7icava^Exoqyni 
cornea,  and  casts  of  bivalves,  -  -  a\>out 
"  Layer  of  compact  greenish  grey  calcareous  stones 
(upper  layer  of  cowstones)         -        -        -  -     - 

Soft  brownish-grey  glauconitic  sand     - 

Layer  of  cowstones  Tj  ing  irregularly  in  brownish 
grey  siiml,  Serpula  (  Vernnc.)  conriva 

Grey  micaceous  sand 

Lowest  layer  of  c  )wstones,  very  hard,  compact, 
and  dark  grey,  often  3  or  4  feet  wide,  and  up 
to  a  foot  in  thickness 

Darker  grey  sand  enclos  ng  patches  and  veinings 
of  dark  argillaceous  matter,  piissing  down  into 
micaceous  sandy  clay,  S'rpula  ( Vtrttuc.)  con- 
cava  common about 

Nearly  black  micaceous  siindy  clay,  with  many 
/      fossils  in  a  friable  conditit)n,     -        -         about 

Stitf  green ish-bl;ick  siuidy  clay,  wiih  patches  of 
brown  ferruginous  siind,  fossils  -        .        _ 

Dark  green  glauconitic  siind  {2h  feet),  passing 
down  into  greenish-bla^'k  argilhiceous  Siinci 
(3  or  4  feet),  very  wet,  and  base  riot  seen  - 


Feet. 
20 


30 

1 
la 


5 


10 


5 


2A 


6 


954 


Springs  issue  from  this  wet  argillaceous  sand,  and  there  is 
probably  another  foot  of  such  material  before  reaching  the  Lias. 
Hence  the  beds  referable  to  the  Gault  are  about  25  feet  thick. 
The  beds  which  contain  large  " doggers"  of  the  true  "cowstono" 
type  are  not  more  than  20  leet  thick,  but  De  la  Beche  and  others 
seemed  to  have  grouped  with  them  the  overlying  greenish  sands 
which  contain  smaller,  less  hard,  and  lighter  coloured  concretions. 
There  is  a  complete  passage  from  one  portio}i  to  another,  and  no 
separation  of  the  Cowstones  from  the  Gault  by  any  layer  of  light 
coloured  sand. 

The  lower  layers  of  "  (^owstones  "  are  very  hard,  compact,  and 
difficult  to  break,  and  1  could  not  ascertain  from  which  set  or 
layer  most  of  the  fossils  have  been  obtained.  The  following 
list  of  fossils  from  these  beds  is  taken  from  the  paper  by 
Mr.  De  Ranco  above  quoted,  with  one  or  two  additions  and 
alterations : — 


Cardiaster  latissimus  Aff. 
Podopilumnus  Fittoni,  }fcCo}/. 
Necrocarcinus  Bechei,  Ded. 
Hoploparia  longimana,  iS'o?/'. 
Orithopsis  Bouncy i.  Carter. 
Cardium  gen tianum,  Sow. 
Lucina  pisum,  Sow. 
Lima  semisulcata,  Sow. 
Tnoceramus  concentricus.  Park. 
Modiola,  new  sp. 

„        reversa.  Sow. 
Pinna  tetragona,  Sow. 


Cucullaja  glabra.  Park. 
Venus  inunersa,  Soiv. 
Trigonia  aliformis.  Park, 
„        .scabri(*ola,  Lfjr. 
(.Vtherea  i)laua.  Sow. 
Thetis  Sowerbyi,  Itotn. 
Pleuromya  mandibula.  Sow. 

„        ])licata.  Sow. 
Tellina  iuiuqualis.  Sow. 
Turriteila  granule ta,  Sviv. 
Pleurotomaria  Uhodani,  (TOrh. 
Ammonites  splendens,  Sow. 
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This  fauna  certainly  connects  the  beds  with  those  of  Blackdown 
and  with  the  micaceous  sandstone  of  Devizes,  for  most  of  the 
species  occur  at  those  localities,  ancj  many  also  in  the  Upper 
Uault  of  Folkestone. 

The  bed  from  which  the  Gault  fossils  have  been  obtained  is 
evidently  the  band  of  dark  grey,  nearly  black,  clay,  which  is 
about  live  feet  thick;  Lima  iKindUht  is  very  abundant,  and  I 
also  found  Pecten  orhicalorw,  Inocernvius  concentriciis  and 
Pleuroviya  vutncUbida  in  a  very  short  search.  The  following  is  a 
complete  list  based  on  that  given  by  Mr.  De  Ranee,  corrected  and 
supplemented  by  the  Catalogue  of  the  Cretaceous  Fossils  in  the 
Museum  of  Practical  Geology : — 


Hemiaster  asterian,  Forbes. 

Anatina  sp. 

Anomia  sp. 

Area  (Cuciillsea)  carinata,  Sow. 

Avicula  sp. 

Corbula  sp. 

Cytherea  truncata,  Sow. 

Gervillia  liiigulr>ides,  Forbes. 

IiKXjeramus  concent ricus,  Park. 

Lima  parallcla,  (VOrb.  ncm  Sow. 

Lucina  tenera,  Sow. 

Modiola  sp. 

Nu€ula  bivirgata,  Sow. 

ovata,  Sow. 

pectinata,  Sow. 

sp. 
Pecten  orbicularis,  Sow. 

sp. 

(Neithea)  quadricostatus, 
Soto  (small  var.). 
Pholadomya  fabrina,  Ag. 
Pinna  tetragona,  Sow, 


>» 


» 


ji 


Pinna,  sp. 

Pleuromya  mandibula,  Sow, 

„  plicata,  Sow, 

Solen  dupinianus,  cTOrb, 
Thracia  sp. 
Venus  sublaevis,  Sow. 

Acta^on  affinis,  Sow, 
Aporrliais  orbigniana,  P.  and  R, 
„      (Ornithopus)retusa,5of<». 
„      liistochila.  Gard. 
Ceritliium  trimonile  ?  Mich. 
Scalaria  dupiniana,  dOrb, 
Fusus  clatJiratus,  Sow, 

„     elcgans,  dOrb, 

„    rusticus,  Sow. 
Natica  Genti,  Stw. 
Turritella  vibrayeana,  dOrb, 
Dentalium  decussatum,  Soto, 

Ammonites  splendens,  Swo, 
Hamites  sp. 
Sauroceplmlus  (tooth). 


Out  of  the  30  named  species  in  the  above  list  24  are  found  in 
the  Lower  Gault  of  Folkestone,  which  seems  to  be  a  sufficient 
indication  of  the  general  age  of  the  deposit,  while  the  absence  of 
any  of  the  varieties  of  Amirionites  inter nintu^  seems  to  indicate 
that  it  is  above  the  basal  zone  characterised  by  that  fossil. 

A  sample  of  the  Black  Ven  clay  was  sent  to  Mr.  F.  Chapman, 
A.L.S.,  who  has  kindly  extracted  and  named  the  following  microzoa 
(the  letters  c,  v.c,  f ,  r.,  and  v.r.  indicate  common,  very  common, 
frequent,  rare,  and  very  rare) : — 


Foraminifera. 

Anomalina  ammonoides,  Rss.^  v.c.      Haj)lophragmium    emaciatum, 

„  complanata,  Rts.^  f. 

Crist«llaria  Bronni,  Ra^m^  r. 

circumcidanea,  Berth.^v. 

gaultina,  Berth.^  f. 


>i 


»» 


gibba,  dOrb.y  r. 
linearis,  Rss.^  v.r. 
rotulata,  L<vii.,  c. 
maorodisca,  Rss.^  f. 
rtulmlata,  Rss.y  f. 
Schlajnbacbi,  /?w.,  v.r. 
turgidula,  Ri^i.^  r. 


nradyy  c. 
Haplopnragmium  acquale,  R6m,y  v.r. 
„  nonioninoides, 

Rss.y  r. 
CJaudryina  dispansa,  Chap.,  v.r. 
Marginulina  se^iuivoca,  Ras.y  v.r. 
Nodosaria  paujiercula,  Rss.y  r. 
,^  k»nuico8ta,  Rss.,  r. 

PulvinuUna  reticulata,  Rsn.,  c. 
Trochammina  con  cava,  Chap.^  v.r. 
Vaglnulina  arguta,  Rsi,^  v.r. 
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Ostracodfi, 

Cythere  Harrisiana,  Jone.%  var.      Cytliereis  ^juadrilatera,  Jiwn.,  v.i.  * 

setosa^  J.  d:  i/.,  v.r.  Cytheridea  perforata^  Rom.,  v.c. 

Cythereia  ornatissima,  7?««.,  r.  Cj'tlierella  Miienateri,  Mom.,  v.r. 

„        var.  reticulata, /.^'Zr.,r.    Pontocypris  bosjquetiana,  J.  dc  IL^ 

v.r. 

Mr.  Chapman  also  made  a  rough  analysis  of  the  clay  with  the 
following  result : — 

Argillaceous  matter 75  per  cent. 

C^careous        „ 22        „ 

Arenaceous       „ 3        „ 

The  occurrence  of  glauconitic  sand  below  this  Gault  clay  is 
interesting ;  it  consists  entirely  of  glauconite  and  quartz,  and  it 
passes  down  into  more  argillaceous  material,  which,  however, 
still  contains  much  glauconite.  My  colleague,  Mr.  C.  Reid, 
informs  mo  that  in  1875  he  saw  an  exposure  showing  the  actual 
base  and  junction  with  the  Lias,  the  succession  being:  — 

Feet.  Inches, 
Dark  blue  glauconitic  sandy  loam        -        -        -        -      6 
Layer  of  small  pebbles  mixed  with  clay,  containing 

fish  teeth  and  derived  Lias  fossils     -        -        -        -      0    to     6 
Sandy  clay  containing  many  worm  tubes  (Disturbed 

Lias)         -        .        -        - 6 

Lias  clay  below. 

Ho  washed  a  sample  of  the  pebble  bed,  and  found  the  following 
rock-ingredients  ^ : — 

FeeU 

Ouartz  pebbles 157 

Chocolate-coloured  jasper    -        -        -        -  61 

Black  grit 25 

Black  trap,  finelv  vesicular          .        -        .  3 

Doubtful  out  all  siliceous   -        -        -        -  41 

Fish  teeth 3 

290 

It  is  doubtless  the  existence  of  this  pebble-bed,  which  evidently 
varies  much  in  thickness,  and  may  in  places  bo  over  1 2  inches, 
that  has  given  rise  to  the  supposition  that  a  represe  itativo  of  the 
"  Carstone "  or  Lower  Greensand  was  present  at  Black  Ven. 
There  is  no  evidence  whatever  to  warrant  such  an  assumption 
and  it  may  safely  bo  regarded  as  merely  a  pebbly  basement-bed 
of  the  Gault. 

Passing  now  to  the  west  side  of  Lyme  Regis,  the  yjUow  (Fox- 
mould)  sands  are  exposed  at  the  eastern  termination  of  Ware 
cUflF,  and  traces  of  the  grey  sands  with  "  Cowstonos  "  can  be  seen 
a  little  lower  above  the  Cement  Works. 

Mr.  De  Ranco  states  (op.  cit.)  that  the  Gault  occurs  at  Pinhay, 
and  it  is  very  probable  that  he  saw  it  in  the  ravine  or  water- 

*  See  Proc.  Geol.  Assoc.,  vol.  xi.,  p.  xxxviii. 


190  CRETACEOUS  ROCKS  OP  BRITAIN. 

course  called  Pinhay  Dike.  In  1895  it  was  well  exposed  on  the 
shore  in  front  of  Humble  Green  below  Whitland's  Cliff,  having 
been  pushed  downwards  and  outwards  by  successive  landslips, 
which  have  completely  broken  down  the  Lias  cUffs  at  this  place. 
A  long  mass  of  Gault  was  seen  consisting  of  very  dark  grey  clay, 
passing  down  into  greenish  sandy  clay,  precisely  like  the  bleds  at 
black  Ven.  Near  by  also  were  slips  of  groy  micaceous  sand 
and  numbei*s  of  large  "  Cowstoncs,"  some  of  thom  tive  or  six 
feet  long. 

Near  Corbin  Rocks,  bt^low  the  western  end  of  Dowlands  cliffs 
and  between  slipped  masses  of  the  Chert-beds,  there  are  tracts  of 
dark  grey  argillaceous  greensand  with  Exogyra  conica  and  inter- 
bedded  layers  of  hard,  tine-gi-ained  grey  calcareous  sandstone  full 
of  Serpuhi  {Vermivtdarla)  anicava.  These  sands  appear  to  be 
equivalent  to  the  highest  part  of  the  Foxmould,  ana  one  mass 
shows  their  junction  with  the  Chert-beds,  the  succession  here 
being  as  follows : — 

Feet.  Inche$. 

Sand  with  brownish  cherts -        - 

Seam  of  dark  green  glauconitic  sand  with  some  calcareous 

lumps    -        -        -        --        -        --        -        --3to4 

Buff  coloured  sandstone  with  green  grains   and  some 

irregular  lumps  of  chert 4       — 

Rough  nodular  green  calcareous  sandstone,  in  softer  and 

harder  portions  ;  Radiopora  oniata  and  some  fragments 

of  shells  at  the  top       - 2        - 

Soft  dark  green  glauconitic  sand     -        -        -    seen  for    1 

At  another  place  a  little  fiu'ther  west  there  is  a  still  more 
complete  section  of  these  junctiofi  beds  with  20  feet  of  glauconitic 
Band  below  (see  p.  192). 

Gault  clay  can  be  seen  just  above  the  shore  below  the  western 
end  of  the  great  (Bindon)  landslip,  where  the  issue  of  a  spring  has 
made  a  gully  down  to  the  beach.^  It  appears  to  be  in  pla'».e  and 
rests  on  the  Rhaetic  Beds,  for  a  junction  can  be  laid  bare  showing 
a  hard  cream-coloured  flinty  limestone  overlain  directly  by  blacK 

flauconitic  sandy  clay.  There  is  no  pebble-bed  at  the  base  here, 
ut  the  clay  includes  small  rounded  bits  of  the  limestone  and 
some  lumps  of  green  material.  The  black  clay  passes  up  into 
dark  grey  sandy  clay,  from  which  springs  issue,  and  there  would 
seem  to  be  about  16  feet  of  this  darK  clay. 

At  a  height  of  12  feet  above  the  main  spring  there  is  glauconitic 
sand,  then  sandy  clay  with  yellow  patches  passing  up  into  dark 
grey  glauconitic  sandy  clay  at  16  feet.  Looking  up  the  slope 
above  this  point,  there  seems  to  be  over  20  feet  of  grey  sanay 
clay,  succeeded  by  lighter  grey  sand  containing  large  rounded 
dogeers  like  Cowstones.  I  could  not  find  any  fossiliferous  band 
in  this  section. 

The  basement-beds  can  sometimes  be  seen  below  Haven  Cliff, 
near  the  mouth  of  the  Axe,  where  they  rest  on  the  red  marls  of 
the  Trias,  but  there  was  no  good  exposure  at  the  time  of  my  visit, 

*  See  Conybeare  and  Buckland,  Memoir  on  Lindslips^  1840,  p.  6  ;  also 
Proe.  OeoL  AMoe.y  vol.  xvi.,  p.  136. 
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Only  of  the  overlying  beds,  grey  argillaceous  sand  with  "  cow- 
stones  ";  so  that  I  have  not  been  able  to  ascertain  whether  the 
stiff  Gault  clay  reaches  to  the  end  of  this  cliff. 

Upper  Greensand  (Chert-Beds). 

Wherever  the  capping  of  Chalk  has  been  completely  removed 
from  the  tracts  of  Upper  Groeiisiind,  the  Chert-beds  seem  to  have 
yielded  very  rapidly  to  the  disintegrative  effects  of  rain,  frost,  and 

Eercolating  water.  The  coast  sections  of  Golden  Cap  and  Stone- 
arrow  show  some  thickness  of  chert  gravel,  and  the  quarries  on 
Hardown  Hnl  show  layers  of  chert  which  seem  to  have  settled 
down  in  mass,  while  much  of  the  intervening  sand  has  been 
catried  away,  probably  it  has  been  gradually  washed  out  by  the 
soakage  oftrain  and  the  suck  of  the  springs  which  issue  at  various 
points  round  the  hill. 

The  high  ground  above  Black  Ven  is  similarly  capped  with  the 
disturbed  and  broken-up  remnants  of  the  Chert-beds.  The 
angular  gravel,  formed  by  the  action  of  rain  and  frost  on  the 
cherts,  shps  down  the  brow  of  the  hill  and  is  exposed  in  the  pits 
at  the  south-western  comer  (Timber  Hill),  where  it  is  brokien  up 
for  road-metal.  Very  large  blocks  of  chert  are  often  found  here 
which  could  hardly  have  travelled  in  any  other  way  than  by 
slipping  with  the  "  wash  of  the  hill." 

It  is  only  to  the  west  of  Lyme  Regis,  and  round  the  outlier  of 
Chalk  which  extends  inland  between  Lyme  and  Axmouth  that 
the  Chert-beds  are  preserved  in  a  comparatively  unaltered 
condition.  In  the  cliff-section  they  come  in  just  south  of  Ware 
Farm,  but  are  almost  entirely  concealed  by  falls  of  Chalk  and 
gravel,  and  the  first  clear  exposure  is  at  Pinhay  (or  Clevelands  as 
the  house  is  now  called).  This  exposure  is  in  a  dell  or  hollow 
below  the  cUff,  to  the  west  of  the  valley,  and  it  shows  the 
following  beds : — 

Feet, 
Base  of   Chalk,  a  hard  sholly  and  sandy  limestone    with 
brownish  stains,  fossiliferous  and  piped  into  cracks  of  the 
underlying  sandstone ;  6  to  8  inches 0\ 

^  Calcareous  sandstone,   very  hard    and  calcified  in 
upper  two  feet,  passing  into  softer  yellowish  sand- 
Upper     J       stone  with  cherts  in  lower  part       -        -        -        -    12 
'      Bedded  sandstone  without  cherts       -        -        -        -      8 
Sandstone  with  irregular  scattered  masses  of  grey 
chert,  seen  for 10 

30i 

The  same  beds  can  be  seen  in  the  freshly  parted  shp  at  the 
west  end  of  Pinhay  cUfis,  and  in  the  cliff  below  the  coastguard 
station  at  Whitlands,  but  they  are  not  easy  to  reach  and  the 
lower  beds  are  obscured  by  talus.  At  Whitlands  Exogyra 
digitata  and  E.  conica  occur  in  the  sandstones.  The  upper  36 
feet  are  also  exposed  in  a  auarry  by  the  cliff-path  at  Rousdon. 

The  most  complete  and  accessible  sections,  however,  between 
Ljrme  and  Axmouth  are  to  be  foimd  in  the  great  landslip  of  the 


Greensand 
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Bindon  cliffs;  the  lower  bods  with  brownish  cherts  and  large 
calcareous  concretions  can  bo  soon  at  the  wast  end  of  Dowlana's 
cliffy,  and  in  the  slipj)od  masses  which  form  the  shore-cliffs 
betwe3n  Corbin  Rocks  and  Culverholc  Point.  A  conspicuous 
mass  in  these  cliffs  showed  the  following  succession  in  1897 : — 

Feet, 

(  Sandstone,  apparently  without  cherts,  but  not 

accessible ?  6 

BufF  coloured  sands  with  many  layers  of  grey 

and  brown  chert ?30 

Chert  R  »dH  -  ^  Seam  of  dark  green  glauconitic  sand,  a  few  inches. 
"  \  Buff  calcareous  sandstone  with  irregular  lumpy 

black  cherts 2j 

Yellowish  sugary  calcareous  sandstone,  with  some 
imperfect  cherty  patches  .        .        -        -        i      • 

^  Soft  dark  green  glauconitic  sand         -        -       ^       <H 
/  Hard  ncxiular  glauconitic  calcareous  sandstcme, 

I      weathering  browni.sh \\ 

CK    « 1,     )  Green    glauconitic    saml    with    small   calcareous 

Greensands  -        j^^^^^^,^     E.mpjrc^  at  the  top    ....        2 

Hard  grey  glauconitic  calcareous  sUjne       -        -        1 J 
Dark  gi'cy  glauconitic  sands,  seen  for  -        -      20 

Alx)ut  65 

It  is  noticeable  tlxat  the  summit  of  the  grey  glauconitic  sands 
is  marked  by  two  layers  of  hard  greenish  calcareous  stone.  This 
and  the  spot  near  Oorbin's  Rocks  (w^  p.  190)  are  the  lirst  places 
where  the  actual  position  of  these  beds  is  well  shown,  though 
fragments  of  them  occiu-  further  east,  and  they  are  probably 
continuous  from  Ware  to  Axmouth.  In  Whitecliff  and  the 
sections  to  the  westward  they  form  one  bed  of  speckled  calcareous 
sandstone. 

The  higher  portion  of  the  Chert-beds  is  well  exposed  along  the 
northern  wall  of  the  ravine  formed  by  the  great  6indon  landslip 
(see  Plate,  view  looking  eastward).  In  this  the  following  section 
was  measured  in  1894 : — 


^Section  at  Jihidoii, 


Feet 


Hard  rough  calcareous  sandstone  with  some  glauconite  passing 
down  into  less  hard  and  more  bedded  sandstone  -        -    10 

lenticular  layers  of  brown  chert  in  soft  yellowish  sand  -        -      8 

J^uff -coloured  glauconitic  .sandstone,  with  a  layer  of  brown 
chert  at  the  base 2 

Kougli  nodular  calcareous  sandstone,  with  a  layer  of  flat  sand- 
stone pebbles  at  the  base 2 

Irregularly  bedded  sandstone,  with  a  few  lenticular  masses  of 
chert  in  the  middle 8 

Buff-coloured  sjind  and  sandstone,  with  frequent  layers  of 
j^rey  chert  and  some  large  lumps  or  biuTS  of  calcareous  stone 
in  the  lower  part 20 

BuT  sand  with  calcareous  burr-stones,  some  lumps  of  white 
siliceous  stone,  and  a  few  of  grey  chert,  seen  for  -        -        -      8 

58 

Lenticular  layers  of  hard  waterwom  pebbles  of  glauconitic 
sandstone  mingled  with  broken  Eocogyra  shells  occur  at  several 
horizons ;  the  pebbles  resemble  some  of  the  harder  sandstones  of 
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tho  group,  and  seem  to  bo  portions  of  such  beds  rolled  and  worn 
in  situ  by  the  action  of  strong  currents  on  the  sea  floor. 

The  lower  28  feet  probably  correspond  with  the  30  feet  of 
chert  beds  seen  in  the  shore-clift*  section,  and  the  total  thickness 
of  this  group  including  the  topmost  sandstone  is  probably  between 
60  and  66  toot. 

Fossils  are  not  common,  but  occur  sporadiciiUy  here  and  there ; 
the  cherty  beds  yield  little  else  than  sixjcies  of  Exogyra,  but  from 
the  highest  calcareous  sandstone  the  following  fossils  were 
obtained  by  Mr.  Rhodes  and  myself: — 

List  of  Fossils  from  Calcareous  Sandstone^  Bindon, 

Caratomus  rostratus.  Rhynchonella  dimidiata. 
Catopygua  colurabarius.  „  Schloenbachi. 

Cidans  (spine).  Terebratella  pectita. 

Discoidea  aubuciila.  Terebrirostra  lyra. 

Echinobrissus  lacunosus.  Ostrea  f  rons  ? 

Hemiaster  sp.  Exogyra  conica. 

Holaster  laivis.  Pecten  (a  fragment). 

Salenia  gibba.  Trigonia  crenulifera. 

In  blocks  on  the  shore  below  Whitlands  I  found  some  of  the 
above  species  and  two  si)ecimens  of  Terehratulu  ovata. 

The  number  of  small  Echinodcrms  in  this  list  is  especially 
noticeable,  recalling  those  of  the  Warminster  Greensand,  and  tho 
Brachiopoda  are  also  s|}ecies  found  at  Warminster  and  in  tho 
calcareous  grit  of  Chard  (see  p.  179). 


CHAPTER  XIV. 

GAULT    AND     UPPER     GREENSAND     (SELBORNIAN) 

IN  SOUTH  DEVON. 

THE  COAST  FROM  SEATON  TO  SIDMOUTH. 

This  tract  of  coast  is  the  continuation  of  that  just  described. 
The  country  behind  it  consists  of  a  series  of  ridees  and  plateaus, 
trenched  by  deep  val  Ws,  most  of  which  arc  cut  oown  through  the 
Groensand  into  the  Triassic  marls  and  sandstones.  The  clifts 
present  a  series  of  transverse  sections  through  these  ridges,  and 
are  separated  by  gaps  where  the  valleys  open  on  to  the  sea. 

Between  Seaton  and  Branscombe  there  is  a  synclinal  or 
periclinal  flexure  which  carries  the  top  of  the  Upper  Greensand  to 
about  the  level  of  low- water  mark  at  Beer.  Wniteclitf  shows  the 
Greensand  overlain  by  Chalk  dipping  to  the  S.S.W.  below  Beer ; 
thence  to  Beer  Head  only  the  top  beds  are  seen  at  the  base  of  the 
Chalk  clifts,  but  on  the  west  side  of  that  headland  the  beds  rise 
rapidly  westward,  and  the  whole  thickness  of  the  Gault  and 
Greensand  (about  170  feet)  comes  into  the  cliffs  east  of  Brans- 
combe. West  of  this  there  is  a  gradual  and  steady  rise  towards 
Sidmouth.  Pursuing  the  plan  adopted  in  the  previous  chapter 
we  shall,  for  the  convenience  of  description,  divide  the  Selbomian 
group  into  a  lower  and  an  upper  division. 

Stratigraphical  Details. 

* 

Upper  Oreensand  (Lower  Division). 

The  formation  does  not  include  anything  that  can  be  called  a 
clay  in  this  part  of  its  range,  but  I  see  no  reason  to  doubt  that 
the  Gault  of  Lyme  Regis  is  represented  in  the  lowermost 
glauconitic  sands.  It  is  true  that  the  lower  part  of  the  formation 
(below  the  Chert  Beds)  has  thinned  from  170  feet  near  Lyme  to 
les9  than  90  feet  in  Whitecliff;  but  as  the  Gault  is  traceable 
nearly  to  the  Axe  I  think  there  is  a  general  diminution  of  thickness, 
eapecially  as  this  division  seems  to  become  slightly  thicker  again, 
westward,  my  estimate  of  it  at  Dunscombe  Clift  being  over  100  feet. 
At  Dunscombe  and  Sidmouth  the  lowest  beds  consist  of  fine 
grey  sand,  and  as  very  few  fossils  occur  it  becomes  impossible  to 
pay  whether  any  representative  of  the  Gault  exUauls  so  far. 

The  most  complete  and  most  accessible  section  of  tlie  Devon 
Gault  and  Greensand  is  that  of  Whitecliff.  tlie  fine  cliff  l>ctwron 
Sijaton  and  Boor  (s(50  Phtto  and  Fig.  G3).  Tlie  Xew  Red  Murl 
which  forms  the  clifts  near  Seaton  ends  abru])tly  above  the  little 
bav  called  Seaton  Hole,  and  the  Cretiiceous  Sands  are  brought 
in 'by  a  fault  which  strikes  nearly  north  and  south.  From  this 
line  of  faiJt  the  dip  is  south-vest  at  about  7^'  or  8",  and  the 
199  N2 
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component  beds  ot  the  Greensand  are  successively  brought  down 
to  the  shore. 

A  great  fall  of  Chalk  which  took  place  in  1887  or  1888  breaks 
the  continuity  of  the  clift*  and  divides  the  exposure  of  the  Green- 
sand  into  two  parts,  the  lower  beds  forming  the  base  of  the  cliff 
to  the  north  of^this  fall  and  the  higher  beds  occupying  the  same 
position  south  of  the  d(5bris  slope.  The  base  of  the  Chert-beds 
IS  marked  by  a  band  of  dark  greensand  about  4  feet  thick,  and 
having  in  the  centre  a  layer  of  hard  calcareous  concretions ;  below 
this  the  succession  is  as  follows : — 

Feet. 
Hard  brownish  calcareous  sandstone,  with  6  to  12  inches  of 

rough  glauconitic  and  shelly  rock  at  the  bswe,  containing  many 

fossils 2j 

Soft    light  grey  sands,  with  a  few  rounded    concretions    of 

calcareous  stone 14 

Soft  greenish-grey  sand,  with  layers  of  calcareous    sandstone 

extending  for  many  jrards        -  ,     -        -        -        -        -        -      8 

Dark  purplish-grey  argillaceous  sand,  with  coursas  of  calcareous 

sandstone  at  irregular  intervals.     Exogyra  conica  and  Sey-jmla 

( Vemiicidaria)  concatni  common      - 30 

Dark  grey  and  greenish  sand,*  with  large  lenticular  concretions 

of  compact  calcareous  stone  (Cowstones)         -        -        -        -     15 
Veiy  dark  and  wet  green  sand,  seen  for 15 

84i 

The  actual  base  of  the  argillaceous  sand  could  not  be  seen  at 
the  time  of  my  visit  in  1894,  and  as  the  place  of  the  fault  in  the 
cliff  is  obscured  by  talus,  it  is  difficult  to  sav  how  much  more 
dark  green  sand  there  is  here.  Mr.  Meyer  informs  me  that  the 
base  was  exposed  in  1874,  and  that  the  lowest  three  feet  consisted 
of  very  dark  green  argillaceous  sand,  the  basal  layer  enclosing 
lumps  of  the  underlying  Red  Marl,  and  resting  on  an  irregular 
surface  of  the  same.  He  does  not  give  the  t<|bal  thickness  of 
argillaceous  sand  below  the  lowest  "  cowstone,"  but  it  may  be  put 
at  from  18  to  20  feet. 

Comparing  the  lowest  beds  hero  with  the  Gault  of  Black  Ven, 
the  most  noticeable  difference»is  the  absence  of  the  band  of  dark 
fossiliferous  clay ;  in  other  respects  they  are  very  similar,  and  I 
see  no  reason  for  regarding  them  as  anvthing  else  than  the 
continuation  of  the  sandy  Gault  which  has  been  traced  below  the 
Cowstones  through  the  cliffs  from  Lyme  to  Axmouth.  Mr.  Meyer 
came  to  the  same  conclusion  in  1874,^  and  I  am  pleased  to  find 
myself  in  agreement  with  him. 

We  also  agree  closely  as  to  the  total  thickness  of  the  sands 
below  the  Cnert-beds,  and  we  only  differ  in  our  manner  of 
dividii^  and  describing  them,  some  of  the  sands  and  concretions 
of  his  Bed  3  being  included  by  me  with  the  "  Cowstones."  It  is 
the  lowest  set  of  Cowstones  which  have  here  yielded  most  of  the 
fossils.  The  following  is  a  list  of  those  found,  the  letter  M. 
indicating  such  as  are  recorded  by  Mr.  Meyer,  and  R.  those 


*  Quart.  Joum.  Qeol.  Soc.,  vol.  xxx.  p.  382 
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whick  were  collected  bv  Mr.  Rhodes  for  the  Geological  Survey 
in  1894:— 


M. 

M. 

R. 
M. 


Sdhinospatagus     murchi-  M. 

sonianus.  M. 

Hemipneustes  Groenovi.  M. 

Serpula  (Vermicularia)  concava.  M. 


„  polygonalis. 

B.     Anatina  sp. 
R.M.  Area  (CucuUaea)  carinata. 
M.    Cardium  hillanum. 
R.     Cytherea  caperata. 
M.    Exogyra  undata. 


M. 
M. 
M. 
M. 
R. 


Lucina  orbicularis. 
Inoceramus  suloatUB. 
Pecten  orbicularis. 
Pectunculus  umbonatus. 
Trigonia  aliformis. 

„        scabricola. 

„        spectabilis. 
Venus  immersa. 
Turritella  sp. 


It  is  a  cxirious  fact  that  out  of  these  18  species  only  three  or 
l)erhaps  four  have  been  found  in  the  Cowstones  of  Black  Ven,  but 
all  of  theifi  belong  to  the  Blackdown  fauna. 

The  succeeding  52  feet  of  sands  must  represent  the  "Fox- 
mould  "  of  Lyme  Regis,  but  its  thickness  is  here  reduced  to  less 
than  half,  and  it  contains  layers  or  burrs  of  calcareous  sandstone 
throuffhouty  while  at  Lyme  these  only  occur  in  the  lower  30  feet,, 
and  the  sands  above  are  destitute  of  ailcareous  matter. 

The  zone  of  Avimanites  rostratiis  and  that  portion  of  the- 
coast-section  which  corresponds  to  the  Blackdown  Beds  is 
terminated  by  a  band  of  hard  calcareous  rock,  which  is  very 
shelly  and  tossiliforous  at  its  base,  but  so  hard  that  the 
fossils  are  difficult  to  extract.  My  obsei-vations  here  are  not 
quite  in  accordance  wdth  those  of  Mr.  Meyer ;  he  docs  not  seem 
to  have  seen  this  bed,  or  else  he  has  included  it  in  his  "  sands  with 
irregular  concretions,"  for  it  directly  underlies  the  bed  which  he 
denominates  4c. 

Seeing  in  this  bed  of  shelly  glauconitic  sandstone  the  repre- 
sentative of  the  calcareous  ana  glauconitic  stone  which  underlie® 
the  Chert  Beds  near  Chard  and  in  the  west  of  Dorset,  I  wished 
to  investigate  its  faima,  but  the  united  efforts  of  Mr.  Rhodes  and 
myself  did  not  produce  a  very  long  list,  and  many  specimens 
being  only  -casts  could  not  be  identified.  The  following  is  a  list  of 
genera  and  species  determined  : — 


Placosmilia  tuberosa  (common). 

Cidaris  (plate  and  spines). 

Pentacrinus. 

Porosphaera. 

Ceriopora  papiilaria. 

Serpula. 

Terebratella  pectita  (?) 

Anemia  tp. 

Ostrea  frons. 

Exogyra  conica  (common)* 

„       columba. 
Peetcn  Dutemplei. 


Pecten  (Neithea)  quadricostatus 

(very  common). 
Lima  semisulcata. 
Cardium. 

Opis  (?; 

Cucullaea. 

Pectunculus  umbonatds. 

Cyprina  angulata  1 

Trigonia  affinis  («  excentrica). 

Venus  immersa  ? 

Turritella  sp. 
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All  the  named  species,  except  the  doubtful  Terehrafdla  are 
such  as  may  bo  found  at  Blackdown,  and  are  sufficient  to  show 
that  the  Blackdown  fauna  ranges  up  to  this  horizon.  The  most 
noticeable  species  is  Placof^milia  tuberosa,  which  was  only 
known  previously  from  Blackdown. 

The  next  place  where  this  portion  of  the  series  is  exposed  is  at 
the  base  of  the  cliffs  on  the  south  side  of  Beer  Head  and  below 
the  Southemdown  landslip.  The  beds  here  dip  eastward,  and 
consequently  in  going  westward  we  find  lower  and  lower 
beds  rising  from  the  beach.  At  the  west  end  of  "  Little  Beach  " 
the  following  are  seen  below  the  bright  greensand  and  pebble-bed 
which  forms  the  base  of  the  Chert  Bed  group : — 

Feet 

Brownish  sandstone  passing  down  into  yellow  sand         -        -    1 J 

Hard  calcareous  glauconitic  rock  full  of  shells  Pecten  (Neithea) 
qtiadricostatv^^E xogyra  conica^  Ostrea  vesiculo8a,&c.f  varying 
m  thickness  -        - from  1  to    2 

Bright  green  glauconitic  sand Oj 

Yellowish-green  glauconitic  sand  with  large  lenticular  con- 
cretions of  calcareous  sandstone  which  are  dark  grey  in 
the  centre;  many  broken  shells  and  much  iron  pyrites,  seen  for    8 

The  shelly  rock-bed  is  evidently  the  same  as  that  of  the 
Whitecliff  section.  It  can  be  seen  again  with  about  7  feet  of 
the  underlying  ^ey  sand  at  the  base  of  Hooken  Cliff  below  the 
Coastguarct  Station ;  thence  it  is  visible  at  intervals  in  the  cliffs 
to  its  final  outcroj)  on  Maynard  Cliff,  near  Sidmouth.  The  con- 
tinuation of  the  Little  Beach  section  is  hidden  by  the  debris  of 
the  Hooken  landslip,  but  under  the  rocks  known  as  "  The  Pin- 
nacles "  the  sea  has  eaten  through  the  fallen  blocks  and  exposed 
yellowish  grey  sands  with  large  burrs  of  grey  calcareous  stone 
apparently  corresponding  with  the  sands  which  overlie  the 
dowstone  Beds  at  Whitecliff,  and  some  of  the  softer  burrs  yielded 
the  following  fossils : — 

Serpula  (Vermicularia)  concava.  Cardium  hillanum. 

Echinospatagus  murchisonianus.  Pleuromya  plicata. 

Exogyra  columba.  Cucullaea  (cast). 

„        conica.  Cyprina  (cast). 

Cytherea  caperata  ?  Trigonia  (cast). 

Below  these  beds  are  grey  sands  with  flattened  lenticular  layers 
and  floors  of  grey  siono  crowdod  mth  Serrula  ( Verm. )  concava. 
All  the  beds  are  dark  grey  on  the  shore  wnere  full  of  water,  but 
as  they  rise  into  the  cUff  they  dry  to  a  yellowish-grey. 

The  continuation  of  these  beds  iJelow  Hooken  Cliffs  is  much 
obscured  by  slips  and  fallen  masses,  but  they  may  be  traced  at 
intervals,  with  traces  of  cowstones  and  greenish  argillaceous  sands 
throwing  out  springs. 

At  the  western  end  of  the  imdercliff  near  Branscombe  Mouth 
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all  but  the  lowest  beds  can  be  seen,  and  the  following  succession 
was  made  out : — 

Feei, 
Hard  speckled  greenish-white  glauconitic  calcareous  sandstone, 
rough  and  massive 6 

Soft  buff-coloured  sands  with  rounded  burrs  of  grey  calcareous 
sandstone 16 

Soft  bluish-grey  glauconitic    sands,    with  some  burrs,  Exo- 
ijyra  conica 18 

Soft  grey  glauconitic  sands  with  nearly  continuous  layers  of 
calcareous  stone,  seen  for     -        -        -        -        -        -        -    21 

60 

Passing  over  the  exposures  in  Weston  Cliffs  which  are  difficult 
to  reach,  we  come  to  Kempstone  Rocks,  near  Dunscombe,  where 
the  Chert  Beds  form  a  fine  cliff,  at  the  base  of  which  the  shelly 
glauconitic  sandstone  is  exposed ;  it  consists  here  of  an  aggregation 
of  rough  calcareous  rocky  masses  with  interspaces  filled  with  dark 
OTcen  glauconitic  sand,  the  whole  from  5  to  6  feet  thick.  The 
fossils  occur  in  patches,  Neithea  qxiadricostata  and  Exogyra 
conica  being  common,  with  Exogyra  digitata  and  Lima 
seinisidcata.  Lower  beds  are  seen  at  intervals  on  the  slope 
below,  but  are  not  well  exposed  (See  Fig.  63.) 

A  little  further  west,  however,  in  Dunscombe  clifi',  these  lower 
beds  are  shown  in  a  vertical  face  above  a  shelf  formed  by  the 
projecting  outcrop  of  the  Triassic  Marls.  The  following  is  the 
succession  with  rough  eye-measurements  : — 

Feet 
6.  Hard  rough  greenish  calcareous  sandstone  -        -        -        -      6 

5.  Buff  sands  with  long  layers  of  calcareous  stone  -        -        -    20 

4.  Greenish  sand  with  thin  layers  of  siliceous  stone  in  the 
upper  part 16 

3.  Greyish  sand  with  a  few  small  doggers  of  calcareous  stone      10 

2.  Grey  sand  with  large  doggers  and  lenticular  layers  of  fine 
grey  calcareous  stone 16 

I.  Clean  grey  glauconitic  sand,  seen  for  about         -        -        -    35 

102 

The  actual  base  was  not  seen,  but  is  marked  by  the  strong  springs. 
It  Avill  be  noticed  that  the  WhiteclifF  subdivisions  can  hardly  be 
recognised  here ;  No.  2  may  represent  the  Cowstones,  but  if  so 
the  sands  below  are  thicker  than  at  Whiteclifi',  and  much  less 
argillaceous ;  this  however  is  what  might  be  expected  in  a  section 
so  far  west,  and  nearer  to  the  source  from  which  the  sediments 
came.  The  thin  layers  of  siliceous  stone  in  the  upper  part  may 
be  on  the  horizon  of  the  "  whetstones  "  of  the  BlacKdown  Hills. 

Mr.  Meyer  seems  to  have  seen  the  actual  basement-bed  here, 
of  greenish  argillaceous  sand,  3J  feet  thick,  and  taking  the 
thicknesses  mentioned  in  his  paper,  the  total  is  only  78J  feet, 
but  my  estimate  must  be  nearer  the  truth,  for  the  contours  on 
the  six-inch  map  show  that  the  base  of  the  sand  is  a  little  below 
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the  3P0  feot  lino,  and  the  outcrop  of  the  glauconitic  rock  id 
a  little  below  the  400  feet,  so  there  must  be  about  100  feet 
between  them. 

The  same  set  of  bods  can  be  seen  m  Salcombe  cliff,  where  about 
100  feet  of  sands  come  in  below  the  flint-gravel  which  caps  the  hill. 
In  the  lower  30  feet  of  these  Mr.  Meyer  found  Seinnita  (Ver7n.) 
concava,  Exogyraconica,  and  Cy prima  cuTi^atu;  and  Mr.  Strahan 
obtained  Trigoniu  aliformis,  Cytherea  caperata  and  TwrritelUv 
granuUita. 

The  last  cliff  in  which  any  thickness  of  Upper  Greensand  is 
left  is  that  of  Peak  Hill  west  of  Sidmouth.  Here  there  is  about 
60  or  65  feet  of  undisturbed  Greensand  beneath  a  thick  capping 
of  disturbed  sand  and  flint  gravel.  I  examined  the  eastern  ena 
of  this  cliff  and  found  the  foUowing  succession : — 

Feet. 
Flint,  gravel,  and  disturbed  sand about    20 

Clean  buff  sand,  not  reached „        10 

Buff  sand  with  small  irregular  siliceous  concretions  and 
thin  layers  of  siliceous  stone „        12 

Greyish  sand  with  a  layer  of  friable  sandy  nodular  con- 
cretions, containing  fossils  with  silicified  shells  -        -      „        10 

Clean  light-grey  sand  weathering  yellowish  -        -        -  30  to  35 

Red  Marl  seen  below. 

A  fresh  slip  exposed  the  actual  junction  of  the  grey  sand  and 
the  Red  Marl,  and  although  water  was  issuing  from  the  sand  it 
was  not  dark  and  argillaceous  like  that  at  Wnitecliff,  but  quite 
light  ffrey  to  the  very  oase.  Evidently  some  considerable  change 
has  t^en  place  here ;  the  basement-beds  seem  either  to  be  absent 
or  much  tninner,  and  if  the  sands  with  siliceous  concretions  are 
the  same  as  those  seen  at  Dunscombe  cliff*  the  beds  below  are  20 
feet  thinner,  the  sand  with  large  doggers  having  quite  thinned  out. 

In  the  fossiliferous  nodules  1  found  Cytherea  caperatea, 
Pleurcmiya  j^l^^^^^  ^^d  Petricola  nxicifoinnis  ? ;  and  my 
colleague,  Mr.  Strahan,  has  handed  me  two  of  these  concretions 
which  he  obtained  many  years  ago,  and  from  which  I  have 
extracted  upwards  of  60  specimens  belonging  to  28  species,  among 
which  Cucullcea  fibrosa  and  Lucinu  pisunt  are  the  most 
abundant.  From  the  same  horizon  at  the  western  end  of  the 
hill  Mr.  Meyer  found  many  fossils,  a  list  of  which  is  given  in 
his  paper. 

Near  the  northern  end  of  the  same  tract  of  Greensand,  and  on 
the  western  slope,  a  little  south-west  of  the  point  known  as 
Salter's  Cross,  is  a  sand-pit  from  which  Mr.  Strahan  obtained  a 
similar  assemblage  of  fossils,  but  in  a  less  friable  condition,  and 
still  more  like  those  of  Blackdown.  Of  these  I  have  been 
able  to  identify  36  species,  besides  several  which  appear  to  be 
undescribed. 

The  following  is  a  list  of  the  species  which  have  been  obtiiined 
from   the  two   localities   above    mentioned,   m.   indicating  the 
species  recorded  by  Mr.  Meyer,  and  s.  those  obtained  by  Mr 
Strahan  and  determined  by  myself: — 


204 


CttlCTACfiOtJS  HOCICft  OP  BfttTAlK 


Pea^HiU. 


Salter's 
Cross. 


Ammonites  rostratus,  Sow.      .        -        - 

,.  varicosus,  Sow, 

Aporrnais  (Dimorphosoma)  calcarata,  Sow. 
„         (Ornithopus)  retusa,  Sow.    .  - 
„         rarkinsoni,  Sow.     -        -        - 
Actaeon  affinis,  Sow.         -        -        -        - 
Dentalium  medium,  Sow. 
Fusus  quadratus,  Sow.     - 

„     nisticus.  Soiv.        -        .        .        - 
I.ittorina  [Turoo]  monilifera,  Sow.  - 
Nassa  costellata,  Sow.      -        -        -        - 
Natica  Genti  Sow.  -        -        -        -        - 

„     rotu'ndata,  Sow.    -        -        -        - 

„      rauliniana,  cPOrb.  ( ? )  - 
Phasianella  striata,  Smv.  -        .        - 

Scalaria  dupiniana  (?),  d^Orh.  - 

„        Fittoni,  Gat-d.    ' 

„        new  sp. 

Solarium  sp. 

Turritella  granulata,  Sow»        -        -        . 
Amphidesma  tenuistriata  (?),  Sow,  - 

Anomia  sp. 

Cardium  (Protocardium)  hillanum,  ^S^oi^'.  - 

„       (Petricola)  canaliculata,  Sow.    - 

Corbula  elegans.  Sow.      -        -        «.        - 

„      truncata.  Sow.    .        -        -        - 

Cuculla^a  carinata,  Sow,  -        -        -        - 

„        glabra,  Sow.    -        -        -        - 

Cytherea  caperata,  Sow.  -        -        -        - 

Cyprina  angulata,  Sotv.   -        - 

„       cuneata,  Saiv.     - 
Exogyra  conica.  Sow.       •        -        -        - 
Inoceramus  concentricus,  Soto. 

,.  sulcatus,  Soto,       -        -        - 

Leda  lineata,  Sow, 

Lucina  orbicularis,  Soiv.  -        -        -        - 

„      pisum,  Sow,  -        -  -        • 

Mactra  angulata,  Sow,     -        -        -        - 
Modiola  reyersa,  Sow,      - 
Nucula  antiquata,  Sow.   -        -  "      - 

^      apiculata  (?),  Sow.        -        -        - 

„      impressa.  Sow,     - 
Pleuromya  laeviuscula  (t);  Smd. 
Pecten  Milleri,  Sow.        -        -        -        - 

„     orbicularis,  Sow.  (small) 

„      (Neithea)  S-costatus,  Sow.    - 
Tellma  striatula,  <Sotr.      -        - 

„  inaequalis.  Sow.  -  -  -  - 
Thetis  Sowerbyi,  Boevi.  -  -  -  - 
Trigonia  aliformis,  Park,         -        -        - 

„       laeviuscula.  Lye.        - 

„       scabricola.  Lye,  -        -        -        - 

„       spectabilis,  3ow,  (young)    - 

„       spinosa.  Park,  (young)      - 
Venus  sublaevis.  Sow.  (or  V.  f aba.  Sow.)  - 
Serpula  (Vermicularia)  concava,  Sow. 
Encolaster  Grenovi,  Forbfs      -        -        - 
Pseudodiadema  sp.  - 
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Upper  Oreensand  (Chert  Beds). 

This  division  of  the  Greensand  attains  its  greatest  thickness 
along  this  coast.  The  estimate  given  by  Do  la  Beche  (i.e.  from 
70  to  80  feet)  is  correct,  for  it  has  a  thickness  of  76  feet  in 
Hooken  Clitt',  and  at  Whitecliff  it  is  not  far  short  of  70  feet. 
The  group  is  clearly  defined  both  at  the  summit  and  at  the  base, 
for  I  include  in  it  all  the  beds  above  the  shelly  glauconitic  sand- 
stone which  has  been  described  at  the  top  of  the  Blackdown 
Beds  or  zone  of  Ammwiites  rosUxitiis,  The  development  of  the 
nodules  and  masses  of  chert  is  remarkably  local  and  irregular ; 
sometimes  they  occur  throughout  the  whole  thickness  except  the 
lowest  3  or  4  feet,  and  in  otner  places  there  are  only  10  feet  of 
sand  in  which  cherts  occur,  the  beds  above  and  below  being 
destitute  of  any  kind  of  siliceous  concretions.  Near  Sidmouth 
the  cherts  are  confined  to  the  lower  part. 

The  topmost  bed,  which  varies  from  8  to  10  feet  in  thickness 
is  a  calcareous  sandstone,  which  seldom  contains  cherts,  and 
passes  westward  into  a  calcareous  sand  largely  composed  of  com- 
minuted shell-fragments.  It  seems  to  represent  the  calcareous 
grit  of  inland  sections,  but  though  it  contams  some  of  the  same 
fossils,  it  is  a  curious  fact  that  Pecten  asper,  which  is  so  common 
in  the  calcareous  grit  of  Eastern  Dorset,  has  not  been  found  at  this 
horizon  in  Devonshire.  Exogyra  digitata  (Sow.)  is  a  common 
fossil  in  the  sandstones  of  the  chert  beds,  as  was  pointed  out  by 
Da  la  Beche  in  1826,  and  Orbitolina  concava  is  common  in 
places ;  Exogyra  columba  and  Ex.  conica  also  occur,  but  other 
fossils  are  rare. 

Returning  to  the  fine  section  in  Whitecliff,  between  Seaton  and 
Beer  Harbour  {nee  p.  196),  where  a  southerly  dip  brings  each 
successive  bed  of  the  group  down  to  the  level  of  tne  beach,  the 
highest  bed  will  be  found  at  "  King's  Hole  "  passing  below  the 
bs^l  beds  of  the  Chalk  which  form  the  eastern  point  of  Beer 
Harbour.  To  study  this  section,  therefore,  it  is  most  convenient 
to  begin  at  the  southern  end,  and  thus  to  take  the  beds 
in  descending  order.     The  succession  is  as  follows  :  — 

Feeu 

1.  Hard  nodular  caleareous  sandstone  passing  down  into 

less    calcified    sandstone,  which  contains    occasional 
nodules  of  sandy  chert 8 

2.  Yellow  sandstone  with  large  brown  cherts         -        -        -      3 

3.  Soft  and  rather  coarse  yellowish-green  sand,  consisting  of 

quartz  and  glauconite 1 J 

4.  Soft  yellowish  sandstone  with  lenticular  layers  of  brown 

chert -4 

5.  Hard  nodular  greenish  calcareous  sandstone  weathering 

into  rough  lumps,  but  less  nodular  below  (Exogitra 
digitata  common)  -        -        -        --        -        -4 

6.  Qrey  sandstone  with  dark  grey  cherts,  those  in  the  upper 

part  being  small 12 

7.  Rough  shelly  sandstone  weathering  brown,  full  of  single 

valves  of  Exogyra  -        -        - 3 

8.  Yellowish  sand  and  sandstone  with  irregular  masses  of 

grey  chert,  those  in  the  upper  part  very  ferruginous ; 
some  layers  of  hard  buff  calcareous  stone  near  the  base  •      7 
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9.  Grey  glauconitic  sand  with  concretions  of  fine-grained 

calcareous  sandstone 3j 

10.  Grey  glauconitic  sand  with  black  cherts    -        -        -        -      4 

11.  Grey  sandstone  with  broken  shells  and  many  pieces  of  a 

calcareous  sponge,  and  occasional  cherts  m  the  upper 
part 3 

12.  Hard  ^ey  calcareous  sandstone  with  black  cherts    -        -      3 

13.  Brownish  loamy  sand  with  a   layer  of  large  irregular 

cherts  in  the  middle,  and  hard  calcareous  lumps  above 
and  below      ..------.5 

14.  Dark   grey   glauconitic    sand   passing   into   dark-green 

argillaceous  sand  with  lumps  of  calciferous  sandstone 
at  the  base     -        - 2 

15.  Rough     nodular     greenish-grey    calcareous    sandstone, 

enclosing  some  sandstone  pebbles  and  fossils        -        -      Ij 

16.  Soft  green  sand  with  thin  grey  partings     ...        -      1 
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All  these  beds  are  exposed  on  the  south  side  of  the  ffreat  debris 
slope  produced  by  the  mil  of  1887  ;  to  the  north  of  this  fall  the 
section  is  continued  with  the  beds  described  on  p.  197. 

Fossils  are  not  abundant  in  these  beds,  and  the  following  is  a 
list  of  all  that  were  found  by  Mr.  Rhodes  and  by  myself,  the 
number  above  each  column  referring  to  the  beds  as  numbered  in 
the  above  section : — 


Orbitolina  concava 
Elasmostoma  sp. 
Cidaris  (spines  and  plates)  - 
Ceriopora  sp        -        -        -        - 
Radiopora  ornata        -        - 
Rhynchonella  Schloenbachi  - 
Ostrea  frons         ...        - 
Exogyra  columba 

„        digitata-        - 
Pecten  (Neithea)  quinquecostatus 
Lima  semisulcata 
Spondylus  sp.     - 
Cardium  (cast)    -        -        -        . 


The  upper  20  feet  of  the  Greensand  can  be  seen  in  the  cliff  at 
the  back  of  the  Uttle  cove  called  Pounds  Pool  beach,  south  of 
Beer,  where  they  are  brought  up  by  a  slight  anticline.  Here,  too, 
there  are  lumps  of  clear  brown  chert  both  above  and  below  the 
layer  of  yellowish-green  sand  which  lies  about  12  feet  from  the 
top.  Close  to  Beer  Head  a  few  large  masses  of  chert  still  occur 
above  this  band,  the  sandstone  passing  over  them  in  wavy  layers 
as  if  uplifted  by  the  formation  and  growth  of  the  chert ;  but  as 
the  beds  are  followed  round  th(^  headland  the  cherts  cease  to 
occur  and  at  the  same  time  begin  to  die  out  in  the  underlying 
beds,  so  that  above  Little  Beatih,  to  the  west  of  the  Head,  there 
is  over  »S5  feet  of  sandstone  without  any  cherts,  though  the 
lower  beds  still  contain  gi*ey  and  black  cherts  like  those  in  the 
corresponding  beds  of  the  Whitecliti*  section. 
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The  Little  Beach  section  is  as  follows  : — 

Feet. 
Yellowish  bedded  sandstone,    glauconitic,  with   thin  wavy 

seams  of  greenish  sand  in  the  lower  part  -        -        -        -  iO 

Coarse  yellowish-ffreen  sand 1 

Hard  and  rough  lumpy  calcareous  grit 3 

Compact  yellowish  sandstone,  streaked  with  seams  of  greensand  6 
Massive  greenish  sandstone,  including  a  layer  of  sandstone 

pebbles  and  broken  shells 8 

Pebble-bed  consisting  of  waterwom  sandstone  pebbles  -        -  2 
Yellowish    calcareous    sandstone    with    irregular    seams    of 

greenish-grey  sand 5j 

Sandstone  with  layers  of  greyish  rusty  cherts        .        -        -  6 

Hard  grev  calcareous  stone  and  shelly  grit  full  of  Ej-ogyra  -  4 

Buff  sand  with  black  cherts  and  some  calcareous  concretions  13 

Dark  grey  argillaceous  sand -  1 

Green  glauconitic  sand  with  hollow  calcareous   concretions 

and  a  rough  pebbly  bed  at  the  base 5 
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The  last  of  these  beds  rests  on  the  brownish  sandstone  men- 
tioned at  p.  199 ;  it  contains  Riuiioponi  oniata,  and  evidently 
represents  beds  15  and  16  of  the  Whitecliff  section.  There  is,  in 
fact,  a  great  general  resemblance  between  the  two  sections,  in 
sj)ite  of  the  aisappearance  of  cherts  and  other  differences.  It 
will  be  noticed  also  that  the  diftcrence  of  total  thickness 
according  to  the  measurements  taken,  is  only  1  foot. 

This  part  of  the  series  is  exposed  again  in  Hooken  Cliff,  below 
the  Coastguard  Station,  where  there  is  a  considerable  thickness 
of  beds  containing  water-worn  pebbles  of  sandstone.  The 
succession  is  as  follows  : — 

Feet 
Hard  calcareous  sandstone  with  wavy  bedding  in  the  lower 

part,  and  some  scattered  brown  cherts  in  the  lower  two  feet      12 
C^rse  yellowish-green  sand  weathering  out  into  a  niche       -        1 
Buff  sand  of  finer  grain,  irregularly  streaked  with  greenish  grey        6 
Buff  sands  weathering  yellowish-green,  with  lenticular  lumps 
of  hard  calcareous  sandy  stone  and  pebbles  of  similar  stone  ; 
many  broken  Exogyra  shells  in  the  lower  part    -        -        -        6 
Sand  full  of  pebbles  and  broken  shells  at  the  top,  passing 
down  into  rouch    yellowish-green    sand,    with    scattered 
pebbles  and  shells  of  Exogyra  digitata        -        -        -        -        8j 

Sand  full  of  pebbles  and  broken  shells 2 

Sand  with  fewer  pebbles  and  shells 8 

Grey  sand  with  aark-grey  cherts  and  some  calcareous  con- 
cretions         6j 

Whitish-grey  calcareous  rock,  passing  down  into  light-grey 
glauconitic   sand,  with  hard  calcareous   lumps  ;    a    few 

scattered  cherts 3 

Light-grev  calcareous  knotty  sandstone,  with  dark  grey  and 

black  cherts  in  regular  layers 0 

Light-grey    sand   lull   of     hard    irregular   calcareous  con- 
cretions   9  inches  to        1 

Grey  sand  with  lumpy  rounded  masses  of  chert    -        -        -        3 
Ugnt-grey  sand  weatnering  into  a  niche         -        -        -        -        1 
Grey  sana  containing  hard  grey  calcareous  lumps  with  dark- 
grey  centres,  the  lower  part  comix)8ed  chiefly  of  such  lumps        8 

Soft  grey  glauconitic  sancl  with  shells 2j 

Hard  speckled  glauconitic  limestone    with  many  shells  of 
E^rogyvn  rftlumf^t  and  N^i^hea  i  cosfata^  about  3  fe^t  thick. ^^ 

76J 


208  CRETACEOUS  ROCKS  OF  BRITAIN, 

Below  this  about  7  feet  of  grey  sand  with  purplish  streaks  can 
be  seen,  which  belongs  to  the  lower  zone. 

It  will  be  noticed  that  a  few  cherts  reappear  here  in  the 
highest  bed,  and  that  the  beds  containing  pebbles  are  over 
23  feet  thick,  as  compared  with  10  feet  near  Seer  Head,  and  that 
the  total  thickness  is  10  feet  greater.  The  speckled  limestone 
at  the  base  has  already  been  mentioned  as  a  constant  horizon, 
and  another  continuous  bed  is  the  coarse  yellowish  green  sand 
12  feet  below  the  top. 

It  should  be  mentioned  that  this  was  the  place  where  Mr. 
Meyer  measured  his  Beer  Head  section,  and  the  succession  above 
given  includes  the  beds  which  he  numbered  5,  6,  7,  8,  9,  No.  9 
corresponding  with  the  highest  19  feet  of  my  section. 

In  the  clifts  west  of  Branscombe  it  is  difficult  to  find  any  place 
where  complete  measurements  can  be  taken,  because  the  beds 
are  nearly  horizontal,  and  are  only  exposed  in  isolated  blulfe 
separated  by  grassy  slopes  and  patches  of  cultivated  ground. 
The  upper  sandstones,  however,  are  frequently  exposed,  and  in 
some  cases  the  greater  part  of  the  cherty  group  is  visible.  Chert 
is  not  confined  to  the  lower  beds  of  the  group,  but  occurs  in 
a  variable  way  at  many  horizons  up  to  withm  11  feet  of  the  top. 
The  following  is  a  generalised  section  t — 


Feet, 

Massive  calcareous  sandstone,  generally  without  cherts, 

sometimes  a  lenticular  layer  in  lowest  foot    -        -        -  11 

Coarse  yellow  (juartz-grit,  soft  and  loose   -        -        -        -  i 

Yellowish  sand  and  sandstone  in  irregular  layers,  with 

seams  of  greenish  sand 10 

Yellowish  sand,  sometimes  without  cherts,  but  generally 

having  many  large  brown  cherts  in  the  lower  part         -  10 — ^16 

Hard  whitish  calcareous  sandstone  weathering  to  a  rough 

face 4 — 6 

Shell-bed,  of  Exotjyra  columha  chiefly      -        -        -        -  \ 

Yellow  sand  with  irregular  layers  of  grey  chert         -        -  ft 

Yellowish- white  sand,  with  lumps  of  hard  calcareous  stone, 

a  little  glauconite,  seen  for 8: 

About  55 


The  bed  of  hard  whitish  stone  about  35  feet  from  the  top  is 
a  conspicuous  and  continuous  bed  all  along  these  cliflfe.  Fossils, 
except  ExcKjyra,  are  not  common,  but  in  Weston  cliflfe  Orbitolina 
conoiva  occurs  in  the  sands  above  the  whitish  stone. 

Above  Weston  Mouth  coast-guard  station  the  upper  part  of 
the  cfiffij  has  receded  for  a  space,  leaving  a  long  slope  oacked 
by  a  neatly  vertical  clifl*,  which  is  known  as  Kempstone  Rocks, 
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This  aftbrds  an  admirable  section  of  the  Chert  Bed  group,  which 
can  be  measured  without  diffioultv,  and  is  as  follows : — 


Sectum  at  KenipMons  Jiorks,  Dunsronif/e. 

Feet, 
Lower  Chalk — Cenomanian  limestones  (4  feet  thick). 

Rather  coarse  quartz-grit,  calcified  and  indurated  irregularly, 
passing  down  into  next        -        -        -        -        -        -        -      "H 

Calcareous  sandstone  consisting  mainly  of  shell-sand,  coarse 
and  more  quartziferous  below     -        -        -        -        -        -      8 

Very  coarse  yellowish  quartz-sand 2j 

Fine-grained  calcareous  sandstone,  a  consolidated  shell -sand        6 

Hard  rough  calcareous  and  glauconitic  sandstone,  nodular  in 
the  upper  2  feet G 

8hell-bed  consisting  of  large  broken  Exo(fi/7'ce  with  some 
sandstone  pebbles  bored  by  Lithodoniv^     .        .        .        .      i 

Greenish-grey  sandstone  enclosing  irregular  lumps  of  hard 
calcareous  stone  ;  many  broken  shells  and  Exogip'a  diffitrtta 
abundant -        -        -     13 

Hard  rough  whitish  calcareous  sandstone       .        -        .        . 

Greyish  bedded  sandstone  with  a  thin  layer  of  waterworn 
pebbles  at  the  base -      6i 

Buflf-coloured  calcareous  sandstone,  with  lenticular  layers  of 
greyish-brown  chert,  which  are  thin  and  platy  in  the  upper 
I>art,  thicker  below 6 

Shell-bed,  composed  of  silicilied  Ex(Mfi/rff  conical  with 
occasional  lumps  of  shelly  chert,  from  1  to  -        -        -      li 

Soft  yellowish  sand,  with  small  lumps  of  hard  calcareous 
stone Ij 

Buff  sand  with  irregular  masses  of  imperfect  chert  (opaque 
and  whitish)  and  some  calcareous  burrs      -        -        -        -      8 

Dark-green  sand  enclosing  irregular  calcareous  lumps  and 
small  sandstone  pebbles  oored  by  Lithodomvs   -        -        -      i 

Hard  calcareous  and  glauconitic  sandstone. 
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Here  again,  therefore,  there  is  a  great  thickness  of  sandstone  (39 
feet)  without  any  nodules  of  chert,  and  it  is  especially  noticeable 
that  nearly  the  whole  of  this  sandstone  is  nighly  calcareous, 
parts  of  it  consisting  almost  entirely  of  comminuted  fragments 
of  shells  and  other  calcareous  organisms.  Well-developed  cherts 
are  confined  to  a  thickness  of  only  seven  feet  in  the  lower  part  of 
the  section,  below  the  whitish  calcareous  sandstone  which  is 
evidently  the  continuation  of  that  seen  in  Branscombo  cliflfs. 

It'  is,  m  fact,  remarkable  how  continuous  some  of  these  beds 
are,  the  coarse  yellow  sand  about  10 J  feet  from  the  top  being 
traceable  all  the  wav  from  Whitecliff  to  this  section,  a  distance  of 
five  miles.  It  will  be  noticed  also  that  the  total  thickness  of  the 
beds  has  not  diminished  in  this  distance ;  the  actual  measurements 
taken,  indeed,  make  them  one  foot  thicker,  but  the  total  was  not 
checked  by  a  line  measurement. 
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I  cannot  correlate  the  sequence  above  given  with  that  in  Mr. 
Meyer's  paper,  except  so  far  that  the  7i  feet  of  sandstone  with 
cherts  is  his  bed  5,  and  the  bed  which  he  refers  to  No.  10  at 
Diinscombe  is  really  part  of  that  which  he  elsewhere  numbers  as  9. 

The  calcareous  sandstones  have  been  quarried  in  the  combe  to 
the  west  of  this  section,  and  thence  they  and  the  underlying  beds 
can  be  traced  along  Dunscombe  and  Manyard  clilfe,  till  they  are 
cut  off  by  the  valley  of  Salcombe  Mouth.  They  have  also  been 
quarried  at  Dunscombe  and  Salcombe,  the  calcareous  sandstones 
having  evidently  been  at  one  time  valued  as  a  building-stone,  but 
most  of  the  Quarries  are  now  overgrown.  They  do  not  appear  in 
Salcombe  cliff. 


CHAPTER  XV. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN)  IN 
DEVONSHIRE  (INLAND  SECTIONS). 

1.   AXMINSTER,   HONITON,   AND  THE   BlACKDOWN   HiLLS. 

In  these  inland  districts  of  Devonshire  there  are  few  localities 
where  the  formation  is  complete,  for  there  are  only  a  few  places 
where  it  is  protected  by  outliers  of  Chalk.  Everywhere  else  the 
Chert-beds  have  been  so  disintegrated  and  broken  up  by  the 
action  of  rain  and  frost  that  it  is  often  difficult  to  say  how  much 
is  in  mUu  and  how  much  should  be  regarded  as  a  re-arranged 
surface  deposit.  Beneath  the  summits  of  the  hills  there  may  be 
and  probably  is  in  many  cases  a  considerable  thickness  of  undo- 
composed  sands  with  layers  of  chert,  but  on  the  slopes  these  beds 
are  almost  always  masked  by  slips  and  by  a  downwash  of  sandy 
loam  containing  large  lumps  of  chert,  often  mixed  with  flints 
and  small  waterwom  pebbles  of  quartz  and  lydian-stone  derived 
from  Tertiary  Deposits. 

The  Lower  Sands  or  Blackdown  Beds  are  occasionally  exposed 
on  the  lower  slopes  of  the  hills,  in  small  sandpits  or  along  road- 
cuttings  ;  but  it  is  only  in  the  north-western  part  of  the  district 
that  they  contain  the  siliceous  concretions  which  are  fashioned 
into  scythe-stones.  In  former  days  large  excavations  were  made 
in  search  of  these  stones,  but  the  mdustry  has  greatly  declined. 

The  Blackdown  Sands  have  been  estimated  at  from  80  to  100 
feet,  and  the  latter  is  probably  within  the  mark,  for  in  many 
places  the  base  of  the  sand  is  200  feet  below  the  summits  of  the 
ridges,  and  there  is  no  reason  to  suppose  the  total  thickness  is 
less  than  along  the  coast. 

AxMiNSTER. — Commencing  with  the  eastern  part  of  the  area,  it 
is  interesting  to  find  that  the  Gault  extends  some  miles  inland 
from  Lyme  Regis.  Thus  my  colleague,  Mr.  C.  Reid,  observed  tho 
following  beds  in  the  banks  of  tne  stream  north  of  Highgate 
about  three  miles  E.S.E.  of  Axminster  in  1874 : — 

Mottled  green  and  orange  sand. 

Blue  micaceous  loamy  clay,  full  of  fos.sils  like  thase  in  the  Gault  of 

Black  Ven. 
Olive-green  sand. 
Stiff  blue  clay  (Lias). 

The  beds  were  not  exposed  with  sufficient  clearness  to  allow  of 
their  being  measured,  out  he  estimated  the  thickness  of  the 
Gktult  clay  to  be  10  or  12  feet.  The  same  beds  are  cut  through 
by  several  of  the  streams  which  rise  in  Wyld  Warren,  and 
Mr.  Reid  found  the  clay  was  everywhere  underlain  by  a  thin 
bed  of  greensand. 
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The  "  Foxmould  "  Sands  are  well  shown  in  the  road-cutting  at 
Thistle  Hill  on  the  road  from  Axminster  to  Charmouth,  and 
about  four  miles  from  the  former  place.  About  70  feet  of  tine 
yellowish  glauconitic  sand  is  seen  nere,  capped  by  a  httle  chert 
gravel. 

Chert-bods,  apparently  in  »itu,  are  seen  on  the  same  road  less 
than  three  miles  from  Axminster ;  and  again  in  a  sort  of  cUff  or 
escarpment  near  Bever  Grange,  two  mues  east  of  Axminster. 
This  cliff  seems  to  have  been  caused  by  the  sUpping  of  a  large 
slice  of  the  hill  into  the  deep  valley  on  its  southern  side. 

Shute  Hill,  west  of  Kilmington,  is  an  outlier  of  Greensand 
resting  on  the  red  Triassic  marl;  beds  which  appeared  to  be 
close  to  the  base  of  the  sands  are  exposed  behind  the  house 
called  Lough  wood  Villa  on  the  main  road  to  Honiton;  they 
consist  of  tine  micaceous  grey  sand,  very  wet,  and  throwing  out 
springs;  it  is  possible  there  may  be  a  little  clay  below,  but 
nothing  was  seen  of  it. 

Shute  Hill  itself  is  capped  by  the  Chert-beds,  much  displaced 
and  broken,  covered  by  an  irregular  accumulation  of  chert- 
gravel.  These  are  largely  quarried  at  the  north  end  of  the  hill 
and  also  in  a  quarry  near  the  south  end  above  the  village  o 
Shute,  where  the  beds  seem  to  be  certainly  in  situ. 

On  the  road  to  Honiton,  and  nearly  four  miles  from  Axminster 
is  a  small  pit  or  quarry  showing  the  following  beds : — 

Feet 

Clay  with  flints        -        - 3 

Grey  marly  clay  with  black  stains 2  to  3 

Coarse  yellowish-brown  sand  with  broken  Pectens  and  Oysters 
and  a  few  perfect  Exo(/i/ra  contcn  ;  at  the  base  a  layer  of 

greensand     -        -        - 7 

Yellow  sand  with  irregular  lumps  of  chert,  much  broken,  and 
stained  black  by  oxide  of  manganese,  seen  for     -        -        -    12 

The  coarse  sand  is  probably  re-arranged  material  derived  from 
the  disintegration  of  tne  highest  calcareous  sandstone  and  coarse 
grit  which  is  seen  on  the  coast  11  or  12  feet  below  the  top  of  the 
Greensand,  the  original  succession  here  l>eing  probably  like  thd;t 
at  Beer  Head. 

Honiton. — The  best  inland  exposure  of  the  lower  part  of  this 
formation  is  in  the  railway-cutting  which  leads  to  the  eastern  mouth 
of  the  tunnel  on  the  London  and  South- Western  line  near 
Honiton.  The  clayey  beds  here  seen  were  referred  to  the  Gault 
in  1874  by  Mr.  W.  A.  E.  Ussher. 

I    visited    this   cutting  in  1897  and   found   the  sides  mu  c 
taluscd,  and  in  places  trenched,  the  trenches  being  filled  wit 
flints   to   carry  ofi'  the  water;    but  here  and  there  are  sma 
exposures  of  sandy  clays.     About  150  yards  from  the  mouth  o 
the  tunnel  on  the  northern  bank  I  saw  the  following : — 

Ft.  in. 

Grey  clay,  drying  light  grey 3    0 

Thin  seam  of  black  clay 0    3 

Dark-(n^ey  clay 3    0 

QrecDiflh  glauconitic  sandy  clay 26 
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A  little  further  west  this  sandy  clay  passes  down  into  fine 
greenish-grey  sand,  consisting  of  small  ^ains  of  quartz  and 
glauconite.  Of  this  about  6  feet  was  visible.  Still  nearer  the 
tunnel  and  at  the  bottom  of  the  slope  is  fine  grey  sand  with  a 
seam  of  coarse  white  sand  not  more  than  an  inch  thick,  and 
consisting  of  clear  quartz  grains. 

There  is  also  an  exposure  of  the  fine  grev  sandy  clays  above 
the  mouth  of  the  tunnel.  The  beds  dip  from  the  tunnel  east- 
ward, and  I  concluded  that  there  is  here  a  considerable  thickness 
of  fine  grey  sands  and  sandy  clays,  probably  between  40  and  50 
feet,  without  the  base  being  seen.  1  did  not  find  any  fossils,  but 
the  late  Rev.  W.  Downes  ^  found  some  shells  "  in  a  black  marly 
clay  about  six  feet  thick,"  which  is  probably  the  same  band  as 
that  above  noted.  The  species  found  were : — Inoceramus  con- 
centricus,  Pecten  (Neithea)  quitdiricodatus,  Actceon  affivi^^  and 
species  of  Modiokt,  Mytilus,  Tellina,  Exogyra,  and  Pectuncidu8. 

These  dark  grey  sands  and  clays  appear  to  be  a  local 
expansion  of  the  beds  which  occupy  a  similar  position  on  the 
coast  at  Whitecliff  and  Branscombe. 

The  tunnel  itself  is  driven  through  these  sands  and  clays  and 
into  the  red  Triassic  Marl  which  rises  up  from  beneath  them.  A 
coloured  section  showing  the  beds  traversed  by  the  tunnel,  and 
the  terminal  cuttings  is  preserved  at  the  Engineer's  Office  of  the 
L.  &  S.W.  Railway  at  Exeter,  and  wo  are  indebted  to  Mr.  Jacomb 
Hood  (the  District  Engineer)  for  providing  us  with  a  copy,  which 
is  deposited  at  the  Geological  Survey  Office.  This  section 
appears  to  have  been  constructed  partly  from  five  shafts  sunk 
through  the  ground  before  the  makmg  of  the  tunnel,  and  partly 
from  the  evidence  of  the  tunnel  and  cuttings.  The  section  shows 
that  the  surface  of  the  Red  Marl  is  uneven,  and  that  the  thick- 
ness of  the  dark  sandy  beds  increases  from  about  37  feet  at  the 
eastern  end  to  over  60  feet  in  the  central  part,  thinning  again  to 
55  feet  at  the  western  end. 

The  shafts  show  that  the  succession  of  deposits  and  the  thick- 
nesses at  the  several  spots  are  as  follows,  the  shafts  being  numbered 
in  order  from  east  to  west : — 


No.  5. 
Feet. 

No.  4. 
Feet. 

No.  3. 
Feet. 

No.  2. 
Feet. 

No.  1. 

Feet. 

Clay  with  cherts  and  rocky 

chert  at  the  base 
Sand  with  cherts 

37 

54 

33 

5      ! 

10 

7  sandy 

Grev  sand  with  springs 
Yellow  sand,  very  wet 
Gait  clay,  blue  and  brown  - 
Black  sand  -        -        -        - 
Layer  of  white  sand    - 
Sandy  clay  -        -        .        - 
Red  Marl     -        - 

62 
18 

7 
44 

1 
10 
50 

81 
18 

7 
50 

1 
10 
30 

96       ' 
20 

6 
40 

1 
12 
24 

95 
18 

7 
26 

2 

12 
20 

wash. 

30 

10 

7 

24 

1 

12 
4 

229 

251 

237 

189 

95 

^  See  Geol.  Mag.,  Dec.  3,  vol.  iii  p.  308. 
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From  my  personal  examination  it  is  clear  that  what  is  termea 
"  black  sand  in  this  account  consists  partly  of  dark  grey  sand 
and  sand^  clay,  but  probably  there  is  also  some  dark  green 
glauconitic  sand,  which  would  look  nearly  black  when  wet. 

The  facts  thus  recorded  show  that  on  the  highest  part  of  the 
hill  the  thickness  of  clay  with  cherts  and  of  broken  up  chert- 
beds  amounts  to  54  feet ;  and  some  of  the  sand  with  cnerts  is 
Srobably  a  downwash  ot  chert  fraraaents  on  to  the  grey  sand. 
>elow  tnese  deposits  there  is  a  thickness  of  167  feet  of  sands  and 
clays  in  No.  4  shaft  and  of  162  feet  in  No.  3  shaft,  and  if  part  ot 
the  sand  with  cherts  is  in  situ  about  20  feet  more  must  be  added 
to  the  total  thickness  of  the  bedded  deposits  under  this  ridge. 
Fig.  65  is  a  reduction  of  this  section  to  a  more  natural 
scale.^ 

It  may  be  that  the  great  thickness  of  sands  and  sandy  clays 
near  Honiton  is  not  so  exceptional  as  it  seems  when  compared 
with  the  coast  sections,  for  there  are  other  inland  places  where 
140  or  150  feet  of  such  beds  seem  to  come  in  below  the  surface 
deposits.  Mr.  Meyer  has  suggested  to  me  that  the  less  thickness 
on  the  coast  may  be  due  to  the  pressing  out  of  some  of  the  sand 
beneath  the  cliffs  by  the  superincumbent  weight  of  the  rocks 
above,  and  to  the  carrying  away  of  sand  by  the  water  which 
issues  in  springs. 

Blackdown. — We  now  come  to  theBlackdown  Hills  and  to- 
the  old  scythe-stone  workings,  where  so  many  tine  fossils  have 
been  obtained.  The  earliest  description  of  these  exposures  is  that 
by  Dr.  Fitton,*^  whose  account  is  valuable  as  a  record  of  their  aspect 
at  that  time.  He  says :  "  The  hills  which  have  furnished  the 
greater  number  of  the  Blackdown  fossils  ft'om  the  western  range 
of  the  group  between  Honiton  and  Wellington.  .  .  .  Their 
[western]  escarpment  between  Punchey  Down  on  the  north  and 
Upcot  Pen  on  the  south  is  distinguishable  at  a  great  distance  by 
the  white  line  produced  by  the  refuse  thrown  down  from  the 
openings  of  the  scythe-stone  pits,  the  heaps  thus  formed 
constituting  an  almost  continuous  stripe  in  the  face  of  the 
hill." 

"  The  strata  which  afford  the  whetstones  are  about  80  feet 
below  the  top  of  the  hill,  to  which  they  are  parallel.  The 
mines  (or  *  pits,*  as  they  are  called)  are  driven  in  ciirect  lines  into 
the  hill  almost  horizontallv,  and  in  some  cases  to  considerable 
distances.     The  stony  masses  from  which  the  scythe-stones  are 

*  The  accuracy  of  the  representation  of  the  bedding  on  the  M.S.  coloured 
section  has  been  impugnea  by  Mr.  Downes  {l(jc.  cit.) ;  but  he  assumed  the 
rocky  chert  to  be  in  sitUy  whereas  I  think  it  is  probably  a  remnant  of  the 
Cheit  BedS)  disintegrated  and  displaced  from  having  settled  down  unevenly. 
The  colorist  has  evidently  not  quite  understood  the  relations  of  the 
surface  deposits,  and  the  apparent  unconformity  is  made  more  conspicuous 
by  the  exaggerated  vertical  scale  of  the  original  di-awing  ;  but  this  detracts 
little  from  the  value  of  the  diagram. 

'^  "Trans.  Geol.  Soc,"  Ser.  2,  vol.  iv.  p.  236.  Published  in  1836,  but 
the  observations  in  Devon  appear  to  have  been  made  in  1825. 
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cut  are  concretions  of  very  irre^ar  figure  embedded  in  looser 
sand  .  .  .  and  though  very  irregular  in  shape,  marks  of  the 
stratification  of  the  sana  can  be  traced  on  their  outside."  He 
describes  these  concretions  as  varying  from  6  to  18  inches  in 
diameter,  and  gives  a  vertical  section  of  the  beds  then  visible  in 
one  of  the  pits,  showing  that  the  total  thickness  of  the  beds 
from  which  material  for  whetstones  was  extracted  varied  from 
12  to  18  feet.  He  also  describes  the  tools  used  in  the  preparation 
of  the  whetstones. 

It  is  somewhat  extraordinary  that  between  the  years  1836  and 
1880  no  more  complete  accoimt  of  the  Blackdown  succession 
seems  to  have  been  published,  though  the  q^uestion  of  their  age 
was  discussed  by  many  writers  both  English  and  Continental, 
among  whom  may  be  mentioned  Prof.  Renevier,^  Messrs.  Briart 
and  Cornet,^  Mr.  C.  J.  A.  Meyer,'  and  Dr.  Ch.  Barrois.* 

In  1880  the  Rev.  W.  Downes,  who  had  for  several  years  resided 
at  Kentisbere,  wrote  an  account  with  a  full  list  of  fossils,  which 
was  published  in  the  Transactions  of  the  Devonshire  Association 
for  that  year,  and  in  the  following  year  he  drew  up  a  more 
detailed  account  of  the  succession  with  a  corrected  list  of 
fossils.^ 

Mr.  Downes  says :  "  At  the  present  day  only  three  pits  are 
being  worked  on  the  eastern  side  of  the  rictge,  and  all  have  been 
closea  on  the  western  escarpment.  Some  few  of  the  latter,  how- 
ever, have  been  open  since  my  residence  in  the  neighbourhood." 
The  ridge  referred  to  is  that  marked  as  "  Black  Down  "  on  the 
six-inch  Ordnance  map,  and  by  the  eastern  side  he  probably 
means  that  part  which  faces  south-east.** 

Supplementing  the  evidence  derived  from  the  excavations  and 
from  the  workmen  by  observations  in  cart-tracks  and  road- 
cuttings,  Mr.  Downes  endeavoured  to  obtain  an  idea  of  the 
complete  structure  of  the  hill,  and  he  divides  the  Blackdown 
Sands  into  twelve  beds,  describing  each  from  below  upwards, 
and  mentioning  the  fossils  which  are  specially  found  in  each 
bed. 

It  will,  however,  be  more  convenient  for  the  reader  if  we  give 
his  succession  in  abstract  and  in  vertical  order  first,  referring 
afterwards  to  the  special  characters  and  contents  of  the  beds. 


*  "Bull.  Soc.  Vaudoise  Sc.  Nat.,"  vol.  v.  p.  51.  Abstract  in  "Quart. 
Jour.  Geol.  Soc.,"  vol.  12,  App.  p.  21  (1856). 

*  "Description  de  la  Meule  de  Hracque<iuie8,  Mem.  Cour.  Acad.  Bruxelles,'* 
Tome  34. 

3  "Geol.  Mag.,"  vol.  iii.  p.  13  (1866);  and  "Quart.  Jour.  Geol.  Soc,*' 
vol.  XXX,  p.  381  (1884). 

*  "  Ann.  Soc.  G^ol.  du  Nord,"  Tome  iii.  p.  1  (1875). 

*  See  "Quart.  Jour.  Geol.  Soc.,"  vol.  xxxviii.,  p.  75  (1882). 

*  At  the  present  time  (1899)  only  one  tunnel  is  being  worked,  and  this  is 
on  the  northern  slope  of  the  hill.  See  H.  B.  Woodward,  Proc.  Geol.  Assoc., 
vol.  xvi.,  p.  143. 
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The    succession    at    Blackdown  (after    Mr.   Downes)    is  as 

follows : — 

Feet. 
Chert  gravel  capping  the  hill. 
12.    Sand  with  layers  of  cherty  sandstone  passing  upwards 

into  chert -        -    25 

1 1.    Fine  variegated  sand  with  thin  lenticular  and  impersistent 

shell-beds       -        -        -        -        -        -        -        -        -    18 

10.  Reddish  sand-rock,  a  stratified  sandstone  in  layers  divided 

by  sand 3 

9.    Thin  layer  of  concretions  used  for  scythe-stone«,  the 

**  hard  fine  vein."    Only  a  few  inches. 

8.    Sand  with  TurriidUi  grantUata I    . 

7.    Sand  with  many  fossils J 

6.    Sand  with  layers  of  concretions,  known  aw  "  Gutters  "  -      5 
5.    Layers  of  concretions  separated  by  sand  ;    these  are 

known  as  "Burrows" 4 

4.    Bed  of  concretions,  used  for  whetstones,  varying  in  thick- 
ness from  6  inches  to 5 

3.    Grey  sand  called  "Rock  Sand"  by  Fitton,  but  known 

as  "  Bottom  Rock  "  by  workmen  in  1881    -        -        -      4 
2.    A  layer  of  small  siliceous  concretions,  generally  only  a  few 

inches  thick  ;  the  "  soft  fine  vein." 
I.    Whitey-brown  sand-rock,  called  "White  Rock"  by  workmen    30 

100 

Of  the  lowest  sand  Mr.  Downes  says  that  it  is  perfectly  homo- 
geneous throughout,  and  that  he  found  no  fossils  in  it.  It  is  evidently 
the  continuation  of  the  light-grey  sand  which  occupies  the  same 
position  near  Sidmoath  (see  p.  203). 

In  beds  4,  5,  6  the  prevalent  fossils  are  Tritjonia  aliforviisy 
Inoceramus  mlcatuSy  and  Fectuncvlus  nmbonatus.  Mr.  Downes  also 
remarks  that  "the  Ammonites  seem  to  have  been  found  mostly  in 
these  lower  concretionary  beds."  He  also  records  Gervillui  ancejftff 
Trigonia  s/nnosay  and  Cardium  hillanum. 

Of  bed  7,  Mr.  Downes  says  that  it  contains  many  fossils,  Ftctwimdus 
umhcmatus  being  the  commonest,  but  not  ranging  higher.  Murex 
calcar,  with  its  long  slender  spinesL  is  also  often  found  perfect  in  this 
zone.  He  remarks  that  the  fossils  "  are  found  in  clumps,  that  is  to 
say  in  clusters  or  colonies,  with  valves  almost  always  attached,  and 
with  species  but  little  mixed.  They  have  evidently  been  deposited 
in  still  water,  and  are  apparentlv  in  the  habitat  in  which  they  lived 
and  died."    Many  species  occur  first  in  this  bed  and  range  upward. 

Bed  8  "  is  also  very  fossiliferous,  and  the  conditions  are  the  same 
as  those  just  mentioned.  The  prevailing  fossil  is  Tun-itella  firanidata 
in  *  clumps.'  Sometimes  the  clumps  consist  wholly  or  mainly  of 
Turritella,  sometimes  they  are  mixed  with  Amrrhais  ccdcarata  and 
Ap,  neglecUi"  Siphonia  pyriformu  seems  to  be  peculiar  to  this  bed. 
Arcci  carinaUi  and  Inoceramus  concentricm  were  not  found  by  Mr. 
Downes  below  this  bed. 

No.  9  is  the  highest  bed  that  contains  concretions  suitable  for 
whetstones,  and  is  only  a  few  inches  thick. 

No.  10  is  described  as  a  sandstone,  divided  vertically  at  intervals  of 
one  to  three  feet  by  joints  which  cut  clean  through  hard  chalcedonic 
fossils.  Mr.  Downes  observes,  "  Bivalves  in  this  bed  have  their  valves 
nearly  always  separated,  and  species  are  completely  mixed.  There  is 
some  but  not  much  indication  of  attrition,  ana  some  of  the  fossils  are 
broken^  while  all  lie  flatly  on  planes  of  bedding.  .  .  .  .  The 
prevailmg  fossil  is  Cypt'ina  cuneaUi ;  Exogijra  conica  is  also  very 
common,  and  Tfigonia  scabHcola^  though  less  common,  is  mainly  if 
not  entirely,  confined  to  this  bed.  .    .    I  found  in  all  46  species 
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in  this  bed,  many  of  which  range  downwards  into  lower  beds,  while 
very  few  of  them  have  a  higher  range." 

Bed  11  consists  chiefly  of  fine  sand,  with  thin  lenticular  layers  of 
drifted  sheUs  at  intervals,  and  each  layer  being  often  two  inches  thick  ; 
the  fossils  in  these  layers  bein^  always  waterworn,  and  often  broken. 
Pectunculus  suhl^mns  and  Ti^gonia  affinis  (=excentrtca)  abound  in 
this  bed,  and  are  not  found  below  it.  A  few  other  fossils  occur  more 
rarely,  such  as  Trigonm  IwmtuciUa,  Cardiwni  hUlanuniy  Venus  ««/»- 
laevis  and  Ai'ca  carinata,  Scalar ia  Fittoni  is  the  only  Gasteropod 
mentioned  as  occurring  in  this  bed. 

Bed  12  is  described  as  sand  "with  layers  of  chertv  sandstone  passing 
upwards  into  chert,"  bv  which  it  is  probably  meant  that  in  the  lower  part 
there  are  lenticular  layers  of  cherty  sandstone,  while  in  the  upper 
part  these  are  replaced  by  nodules  of  chalcedonic  chert.  Its  character- 
istic fossil  is  Pecten  {Neitfua)  quadricostatus^  which  is  rarely  found 
lower  in  the  Blackdown  series.  Other  fossils  are  scarce,  but  Tri-gonia 
dcedaUa^  Pectunculus  sufjl<Bvis,  Ostrea  frons,  Exogyra  conica,  and  a 
few  others  were  found  by  Mr.  Downes.  He  measured  25  feet  of  this 
sand  on  Blackdown  before  it  was  covered  by  the  downslip  of  the 
disintegrated  Chert  Beds,  but  as  the  base  of  the  sands  is  below  800  feet, 
and  the  ground  rises  steeply  to  over  920  feet,  it  is  probable  that  there 
is  more  of  the  sand  with  cherts  in  situ  below  the  loose  chert  graveL 

Comparing  the  above  account  with  the  coast-sections  near 
Sidmoiith,  it  is  in  the  first  place  evident  that  the  greater  number 
of  the  Blackdown  fossils  occur  in  a  band  or  zone  which  com- 
mences about  30  feet  above  the  base  of  the  sands,  just  as  they  do  on 
Peak  Hill,  and  that  this  zone  is  about  26  feet  thick  at  Blackdown. 
From  Mr.  Downes*  observations  also  it  appears  that  all  the 
Cephalopoda  and  nearly  all  the  Gasteropoda  are  confined  to 
this  zone,  and  most  of  them  to  the  lower  part  of  it.  The  upper 
sands,  which  are  at  least  60  feet  thick,  differ  in  having  a  fauna 
of  Lamellibranchs  only,  and  these  often  distributed  in  layers  ot 
separated  and  waterworn  shells.  The  horizon  of  the  hard  nodular 
glauconitic  sandstone  which  underlies  the  Chert  Beds  along  the 
coast  has  not  yet  been  distinguished  at  Blackdown. 

2, — The  Haldon  Hills. 

These  hills  are  situate  about  12  miles  south-west  of  the  main 
escarpment  of  the  Selbomian  near  Sidmouth,  and  their  northern 
end  is  only  three  or  four  miles  from  the  border  of  the  Dartmoor 
Granite,  They  form  a  range  about  seven  miles  in  length,  which 
is  divided  by  a  col  or  lower  ridge  into  two  parts,  known  as  Great 
Haldon  and  Little  Haldon.  Both  parts  attain  a  height  of  800 
feet  in  places,  and  consist  in  their  higher  portions  of  Upper 
Greensand,  capped  by  some  thickness  of  coarse  gravel,  which  is  now 
believed  to  be  of  Tertiary  age. 

These  are  the  most  weisterly  outliers  of  the  Cretaceous  series 
in  England,  a  fact  which  invests  the  Haldon  Sands  with  special 
interest.  Considering  this,  it  is  remarkable  that  no  one  has 
published  any  connected  accoimt  of  them.  The  fossils  which 
they  contain  are  chalcedonic  like  those  of  the  Blackdown  Sands, 
and.  their  existence  has  been  known  for  the  greater  part  of  the 
century,  but  they  have  nearly  all  been  obtained  from  one  sand- 
pit, and  none  c  f  the  many  collectors  has  described  this  section. 
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My  colleague,  Mr.  C.  Reid,  who  was  engaged  in  the  re-survey 
of  the  district  in  1876,  discovered  a  good  section  in  a  water  channel 
on  the  northern  side  of  Great  Haldon,  obtaining  some  fossils  from 
a  few  feet  above  the  actual  base  of  the  formation.  But  unfor- 
tunately neither  the  mapping  nor  the  obsei'vations  then  made 
were  ever  published. 

The  only  attempt  to  determine  the  true  stratigraphical  relation 
of  the  Haldon  Sands  to  those  of  Blackdown  was  that  made  by 
the  Rev.  W.  Downes  in  1882.  From  an  inspection  of  the  sand-pit 
whence  the  fossils  had  been  obtained,  ana  from  a  studv  of  the 
fossils  themselves,  he  came  to  the  conclusion  that  the  lower  part 
of  the  Blackdown  series  is  not  represented  at  Haldon,  that  the 
base  of  the  Haldon  Sands  is  about  on  the  horizon  of  his  Bed  10 
at  Blackdown,  and  that  the  layers  in  which  the  Haldon  Corals 
and  other  fossils  are  found  belong  to  a  higher  horizon  thar 
anything  visible  on  Blackdown. 

Great  Haldon. — I  visited  Great  Haldon  in  1896,  examin- 
ing all  the  sections  that  were  then  accessible,  and  the  following 
account  is  drawn  up  from  my  own  notes  except  where  otherwise 
mentioned.  It  will  be  seen  m  the  sequel  how  far  I  am  able  to 
agree  with  Mr.  Downes. 

The  most  complete  section  visible  in  1896  was  that  discovered 
by  Mr.  Reid  in  1876,  in  a  goyle  or  rain-channel  which  descends 
through  the  wood  south-west  of  Woodlands  and  north  of  the 
race-course.  The  middle  part  of  the  section  is  partly  obscured 
by  talus,  but  by  combining  the  notes  taken  by  Mr.  Reid  and 
myself  the  succession  appears  to  be  as  follows : — 

Feet. 
Gravel  with  flints,  in  potholes. 
9.  Fine  yellowish  sand,  enclosing  large  lumps  of  light-grey 

chert,  some  shelly,  scattered  irregularly,  not  in  lines     -    6  to  10 
8.  Yellow  and  grey  sand   with  several  layers    of    small 

quartz  pebbles  and  a  thin  seam  of  grey  micaceous  clay         20 
7.  Coarse  pebbly  sand  with  many  shell -fragments        - .      -  1 

6.  Fine  grey  glauconitic  sand  with  siliceous  concretions, 

passing  down  into  fine  sand  with  sonae  broken  shells    -        ID 
5.  Firm  grey  glauconitic  sandstone,  forming  a  ledge  in  the 

watercourse    -        '        -        - I 

4.  Laminated  grey  and  brown  sand  with  broken  shells        -  \h 

3.  Fine  yellowish-green  glauconitic  sand  with  some  irregular 

sanastone  lumps,  passing  into  next        .        .        -        .  e 

2.  Greenish-grey  glauconitic  sand  with  lenticular  layers  of 

glauconitic  sandstone  containing  chalcedonised  fossils  5 

1.  Conglomerate  of   ijebbles  derived    from    the    Permian 

breccia,  and  resting  on  an  uneven  surface     -        -        -  2 

lied  Permian  breccia  seen  for  30  or  40  feet. 

About      65 

On  the  west  side  of  the  old  Exeter  road,  at  the  top  of 
Telegra^  Hill,  about  6^  miles  from  Exeter,  there  are  two  sand- 
pits. The  upper  one  shows  gravel  overlying  rather  coarse 
yellowish  sand ;  a  hole  dug  in  one  place  exposed  about  10  feet  of 
such  sand,  consisting  of  quartz  with  many  scattered  black  grains, 
which  prove  to  be  tourmaline,  and  a  little  mica.  A  peculiarity  of 
the  tounnaline  grains  is  that  they  are  not  angular,  but  much 
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roiinded.  About  6  feet  down  there  is  a  layer  of  very  coarse  sand 
containing  Exogyra  coniea.  Large  lumps  of  chert  lay  by  the 
side  of  the  hole,  and  the  sand  which  contains  these  seems  to  be 
dug  into  occasionally,  for  in  1876  Mr.  Reid  saw  the  following 
section  here : — 

Feet 
Unworn  and  fractured  chalk  flints  in  whitish  loam        -    3 
Granitic  sand  with  grains  of  schorl  -        -        -        -  10 

Fine  light  brown  sand 3 

Sand  with  large  tabular  masses  of  chert  -        ...    2 

18 

The  surtace  of  the  ground  by  this  pit  is  760  feet  above  the  sea> 
and  the  top  of  the  sand  in  the  lower  pit  is  about  725  feet,  so  that 
there  may  be  16  or  17  feet  of  unseen  beds  between  the  two 
sections.  This  space  would  correspond  to  that  occupied  by  the 
sand,  with  large  masses  of  clear  chert,  seen  in  the  gully  section 
and  elsewhere. 

The  section  seen  in  the  lower  pit  in  1896  was  as  follows : — - 

Feet 

Peaty  soil,  with  flints  and  chei-ts 2 

Fine  yellowish-grey  sand 3 

Coarse  pebbly   sand,   with  many  broken   shells,  chiefly 

Exogyra  coibka- 2 

Laminated  green  and  yellow  sand,  with   soft   siliceous 

concretions  in  the  upper  part,  and  a  layer  of  hard 

p^y  cherts  at  the  base 2 

Bnght  green  sand,  with  rubbly  concretions  -  -  -  4 
Greenish  sand  witn  two  lavers  of  small  quartz  pebbles  and 

broken  shells  ("  the  pebble  beds  ") 4 

Grey  chert  in  a  discontinuous  layer. 

Grey  glauconitic  sand,  with  yellow  streaks  -  -  -  3 
Firm  ^ey  speckled  glauconitic  sandstone  -  -  -  1 
Ferruginous  shelly  and  pebbly  bed  -        -        -        -    li 

Grey  and  yellow  sand,  with  irregular  rubbly  concretions 

of  sandstone  containing  six)nge-spicule8,  seen  for   -        -    6 

In  1875  the  actual  base  of  the  greensand  seems  to  have  been 
exposed  in  this  pit,  for  Mr.  Reid  records  11  feet  of  the  sand 
with  rubbly  concretions,  underlain  by  the  following  strata : — 

Feet. 
Bedded  glauconitic  sandstone,  with  chalcedonic  fossils    -    1 
Ck)nglomerate  of  pebbles  (1    to  3    inches   in   diameter), 
derived     from    the    Permian    breccia   and    occasional 

broken  shells If 

Permian  red  rock  (seen  below). 

The  total  thickness  of  Upper  Greensand  proved  here,  therefore, 
amounts  to  about  34  feet,  and  if  there  are  32  feet  above  it  we  get 
66  feet  for  the  succession  up  to  the  base  of  the  gravel ;  but  as  the 
ground  rises  southwards,  higher  beds  may  come  in  below  the 
slippage  of  the  travel. 

1  was  assurea  by  the  proprietor  of  the  pit  that  the  bed  in 
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which  most  fossils  had  been  found  was  the  lower  of  the  two  in 
the  middle  of  the  section  ;  a  freshly-cut  face  showed  this  bed  to 
be  about  a  foot  thick,  of  a  brownish-grey  colour ;  at  intervals 
there  occur  in  it  lumps  of  the  shelly  sand  agglutinated  by 
silica,  and  also  lumps  ot  chalcedonised  sand  coloured  red,  brown 
and  yellow.  This  I  recognised  as  the  "jasper,"  known  to  be 
associated  with  the  Haldon  fossils,  and  sold  by  dealers. 

It  is  probable,  however,  that  the  bed  which  occurs  4  feet  lower, 
and  is  1 J  feet  thick,  often  develops  similar  characters,  for  Mr. 
Downes  mentions  the  three  shelly  bands  and  says,  "  The  two 
higher  bands  are  thin  and  insignificant,  but  the  third  or  lowest 
is  about  1 J  feet  thick,  a  hard  jaspideous  mass  full  of  fossil  frag- 
ments. I  detected  in  it  Ontrea  and  Exogyra  in  abundance, 
Trigonia  VicaryaTiit  (Lycett),  and  Vei^niindaria,  but  no  corals." 
He  also  says  that  "  tons  of  the  material  might  have  to  be 
removed  before  a  nest  of  corals  or  Polyzoa  would  be  found ;  and 
for  a  chance  comer  to  find  oven  a  single  specimen  would  be  a 
fortunate  circumstance. 

It  will  be  seen,  therefore,  that  the  idea  of  there  being  a  bed  ot 
pebbles  and  fossils  "  above  the  Greensand  at  Haldon,"  as  stated 
by  Lycett  in  his  Monograph  on  the  Trigonia,  is  a  mistake. 

Some  of  the  chert-oeds,  which  must  be  concealed  between 
these  two  pit-sections,  are  visible  at  the  head  of  Harcombe  Goyle 
where  the  water  issues  from  beneath  the  Exeter  road,  about  three 
quartei*s  of  a  mile  south  of  Telegraph  Hill.  Below  the  gravel, 
near  the  shoot,  the  following  beds  were  seen  in  1896  : — 

Feet 
Yellow  and  grey  glauconitic  sand,  without  cherts    -        -        -      6 
Yellow  sand,  with  chertn,  small  in  the  upper  part,  large  in  the 
lower  part,  seen  for 10 

Some  of  the  masses  of  chert  here  were  3  or  4  feet  lone,  and 
more  than  a  foot  thick ;  some  contained  shells,  and  I  found 
Lima  seviisidcata  (common),  Pecten  orbicularis^  Exogyra 
conica,  Neithea  qmnqxcecostata  and  casts  of  Trigonia,  The 
yellow  colour  of  the  sand  is  clearly  due  to  the  oxidation  of  the 
glauconite  it  contains. 

Near  the  head  of  Cullum  Goyle,  by  the  side  of  the  road  to 
Exeter  and  3  miles  from  Chudleigh,  a  slip  in  the  bank  showed 
the  following  section : — 

Feet, 
Fine  grey  glauconitic  sand,  enclosing  many  lumps  of  cherty 
^  stone,  not  chalcedonic,  but  whitish  inside  and  often  striped    10 
Yellow  sand  full  of  pebbles  of  quartz  and  lydianite  as  large 

as  peas 2 

Yellow  sugary  sand,  with  large  grains  of  glauconite,  coarse  at 
top,  finer  below,  seen  for 6 

18 

Lower  down  the  gully  are  layers  of  rotten  glauconitic  stone  in 
striped  green  and  grey  glauconite  sand,  which  is  probably  not 
&r  itoia  the  base, 
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A  quarter  of  a  mile  west  of  Ashconibe  church  a  small  excava- 
tion again  shows  the  basal  sandstones,  which  are  soft  and  friable, 
weathering  into  thin  slabs  with  green,  red,  and  purple  grains, 
the  latter  colours  resulting  from  the  oxidation  of  the  glauconite. 
Mr.  Reid  saw  this  section  when  it  was  less  overgrown  than  now, 
and  he  found  many  fossils,  among  which  the  following  were 
identified  by  Mr.  Etheridge:  Aporrhais  Parkin^oniy  Exoyyra 
canica,  Cardium  hillanum,  Cyprina  nngulata,  C  rostrota, 
C.  cuneata^  Tellin<t  inoeqncdia,  and  Neifhea  5-cosfata, 

Little  Haldon. — Mr.  Downes  mentioned  the  existence  of  a 
complete  section  through  the  sands  at  Smallacombe  Goyle  (  Op. 
cit.  pp  83  and  91 ),  but  did  not  give  any  jjarticulars  of  it.  This 
exposure  is,  I  believe,  one  of  the  finest  sections  in  the  district ;  it 
is  on  the  eastern  side  of  Little  Haldon,  at  the  head  of 
Smallacombe  Goyle,  where  a  quarry  has  been  opened  for 
obtaining  sand  and  chert-stones.  For  the  following  description 
of  the  beds  here  visible  I  am  indebted  to  Mr.  VL  J.  Lowe  of 
Torquay,  who  visited  the  locality  in  1899. 


Section  at  Sviallaccnnhe  Goyle, 


Feet. 


1.  Surface  soil  and  flint  gravel,  the  flints  of  various  sizes  but 

none  larp;e -        -        -        7to9 

2.  Sharp  coarse  yellow  sand,  containing  large  irregular  masses 

of  chert  up  to  two  feet  in  diameter  and  arranged  in  rude 
layers  -        -        -        -  -        -        -        -  about      30 

3.  Brownish  sand  without  cherts,  in  alternating  layers  of 

fine  and  coarser  grain.  -        -        -        -        -        -about      15 

4.  Hather  coarse  brownish-greensand,  with  large  grains  of 

glauconite,  including  some  lenticular  seams  of  white  sand .  7 
6.  Denser  and  areener  sand  with  lumps  of  cherty  stone, 
current-bedded  and  with  some  layers  of  darker  green 
owing  to  preponderance  of  the  glauconite  grains  ;  this 
passes  down  into  glauconitic  sand  with  flattish  lumps  of 
glauconitie  sandstone.  TiOwest  part  hidden  by  talus. 
About 40 

About      100 

The  masses  of  chert  in  the  upper  beds  consist  of  light  brown 
translucent  chert,  with  a  thick  outer  crust  of  whitish  and  porous 
stone.  Many  of  them  exhibit  a  banded  or  laminated  structure ; 
examined  with  a  lens  they  are  seen  to  be  crowded  with  sponge- 
spicules,  and  a  few  scattered  grains  of  glauconite  are  visible. 

The  position  of  the  shell-beds  and  of  the  coral  fauna  is 
probably  in  the  upper  part  of  the  division  numbered  5  bv  Mr. 
Lowe,  where  the  beds  of  sandstone  contain  shells  of 
Exogyra  conica  and  casts  ot  other  fossils.  There  is  much 
glauconite,  and  the  brownish  colour  in  parts  of  this  and  of  the 
nigher  beds  is  due  to  the  oxidation  of  this  mineral.  The 
basement  was  not  visible,  but  probably  lies  very  little  below  the 
floor  of  the  quarry. 

It  will  be  noticed  that  the  total  thickness  here  ( 92  feet )  is 
much  ^eater  than  in  the  sections  on  the  northen  side  of 
Qreat  Haldon.    Confirmation  of  this  is  found  in  the  following 
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account  of  a   well  sunk  many  years  ago  on  Little  Haldon  ior 
Sir  R.  Newman,  and  recorded  by  De  la  fieche  * : — 

Ft  in. 

Gravel,      Small  flints 40 

(Brown  sand 10    0- 
Flints  (chert?)  large  enough  for  building 

puqx)se8   -        -        -        -        -        -        -  8    0 

Wnite  sand,  much  prized  for  making  stucco  11    0 

''  Red  sand 10 

Fine-grained  dark-coloured  sand         -        -  14    0 

Green  sand 9    0 

Large    flint    (chert?)    mixed    with    light- 
coloured  sand 13    0 

Fine  brown  sand 15    0 

Red  Sand    -        - 4    0 

Pipe-clay,  very  white  -        -        -        -        -  10 

l^Roundea  gravel,  like  brook  or  river  gravel  -  1    6 

New  Red  Series,  Red  Rock 4    0 


Greensands, 
bSh  feet 


95    6 


Mr.  H.  B.  Woodward  remarks  that  several  localities  for  Upper 
Greensand  in  the  Bovey  Valley,  were  recorded  by  Godwin- Austen, 
and  were  represented  on  the  old  edition  of  the  Geological  Survey 
Map.2  None  of  these  was  he  able  positively  to  confirm  during 
his  re-survey  of  the  ground  in  1874-75,^  while  quite  recently 
Mr.  Clement  Reid  sees  reasons  for  grouping  these  sands  and 
gravels,  and  those  on  Haldon,  with  the  Bovey  Beds,  which  are 
now  regarded  as  Eocene.^ 

We  have  now  some  data  for  a  comparison  of  the  Haldon  and 
Blackdown  Sands.  In  the  first  place,  we  may  notice  that  evidence 
now  exists  which  was  denied  to  Mr.  Downes,  for  though  he  seems 
to  have  seen  the  basement-beds  in  Smallacombe  Goyle  on  Little 
Haldon,  he  did  not  succeed  in  finding  any  fossils  in  thein.  He 
does  not  describe  these  beds,  but  says  he  saw  two  distinct  beds 
beneath  that  which  he  numbers  12,  and  which  he  correlates  with 
his  No.  12  at  Blackdown;  he  therefore  assumes  that  these  two 
beds  correspond  with  his  10  and  11  of  Blackdown.  This  con- 
clusion he  believed  to  be  supported  both  by  positive  and  negative 
evidence. 

As  positive  evidence  he  states  that  "  some  of  Mr.  Vicary's 
specimens  exactly  agree  with  Bed  10  of  Blackdown  both  in  tne 
fossils  and  in  their  mode  of  occurrence,"  that "  Pecten  quadi'l- 
costatiis  and  TrUjoii'm  doidalea  occur  down  to  the  very  oase  of 
the  series  at  Haldon  ;"  and  that  "  in  every  instance  in  which  the 
Haldon  fauna  agrees  with  that  of  Blackdown,  Bed  10  seems  to  be 
the  probable  downward  limit." 

As  negative  evidence  he  points  to  the  absence  of  Siphonia 
pyriformis,  Inocevumus  snlcahis  and  Trigcmia  aliforrtiis,  and  to 
the  rarity  of  AinmaniteH  and  of  Pectvncxdiu  vmbonatv^,  all 
these  forms  being  characteristic  of  low  horizons  at  Blackdown. 

*  Report  on  the  Geology  of  Cornwall,  Devon,  &c.,  p.  247. 
2  Trans.  Geol.  Soc.,  2nd  Ser.,  Vol.  vi.^  p.  452. 

'  Quart.  Joum.  GeoL  Soc.,  Vol.  xxxu.,  p.  230. 

*  llnd.^  vol  liv.,  p.  234, 
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It  is  certainly  a  fact  that  the  fossils  found  by  Mr.  Reid  tend 
to  support  Mr.  Downes'  conclusion  ;  they  are  all  of  them  species 
which  occur  in  Bed  10  at  Blackdown ;  some  of  them  such  as 
Aporrhais  Parkiiisoni  and  Cyprina  caneata  are  specially  cha- 
racteristic of  that  bed.  I  am  therefore  disposed  to  think  Mr. 
Downes  was  right  in  his  general  statement,  and  that  not  only 
have  the  30  feet  of  unfossiliferous  sand  thinned  out  between 
Sidmouth  and  Haldon  but  that  some  20  feet  of  the  Blackdown 
fossiliferous  beds  have  also  disappeared  in  the  interval. 

I  also  agree  with  Mr.  Dowries  that  a  part  of  the  Haldon  series 
is  higher  than  anything  seen  at  Blackdo^v^l,  but  I  do  not  think 
that  any  part  of  the  series  is  newer  than  the  Chert  Beds  of  the 
Devon  coast-sections,  and  I  feel  sure  that  the  position  of  the 
schorlaceous  sand  is  above,  not  below,  the  Chert  Beds. 

The  sand  with  rubbly  siliceous  concretions  does  not  appear  to 
be  anything  like  so  thick  as  Mr.  Downes  supposed ;  instead  oi 
being  35  feet,  it  is  not  more  than  1 1  feet.  Further,  as  no  fossils 
have  been  found  in  it  in  situ,  its  correlation  with  Bed  12  is  very 
doubtful.  Nor  do  I  regard  the  lithological  character  of  the 
pebbly  beds,  nor  their  coral  fauna,  as  sutticient  proof  that  this 

Sortion  of  the  series  is  newer  than  anything  at  BlackdowTi.  Tiio 
istance  from  Blackdown  and  the  probable  proximity  of  a  coast- 
line are  facts  quite  sufficient  to  account  for  the  pebbles,  which 
are  very  small,  and  for  the  corals ;  while  in  other  respects  the 
fauna  dfiffers  little  from  that  of  Beds  11  and  12  of  Blackdown. 

My  view  of  the  case  may  be 'expressed  by  saying  that,  if  his 
method  of  numeration  be  adopted,  the  groensands  below 
the  Chert-beds  of  Haldon  correspond  with  10,  11,  12  of  Black- 
down,  that  the  Chert  Beds  should  be  numbered  13  and  the 
overlying  sand  14,  these  two  only  being  higher  than  anything 
seen  at  filackdoAvn,  and  corresponding  to  a  part  or  the  whole 
of  the  Chert  Beds  seen  in  the  coast  sections. 

The  following  is  a  general  list  of  Fossils  from  the  Haldon 
Sands,  below  the  Chert  Beds.  It  is  based  on  the  list  given  by 
Mr.  Downes,  with  some  additions  from  the  Survey  collections  : — 


Ammonites  (fragments). 
Acteeon  affinis,  oow. 
Avellana  incrassata,  Sow. 
Aporrhais  Parkinsoiii,  Soiv. 
Dentalium  medium,  *Smv. 
Natica  Genti,  Sotv, 
Phasianella  sp. 
Turritella  granulata,  So  -v. 
Turbo  spj. 
Area  carinata,  Sow. 

„    rotundata,  Sow, 
Astarte  formosa,  Sow. 
^,       obovata,  Sow. 
Avicula  anomala,  Sow. 
Cardium  hillanum,  Sow. 

„        ^entianuui,  StAc. 
Corbula  elegans,  Swv. 
Cucullaea  glabra  ("fibrosa)  Sow. 
Cyprina  angulata,  Sow. 
,,       cuaeata,  Sow, 

1060. 


Cyprina  rostrata,  Soiv. 
Cytherea  caperata,  Sov\ 
„        lineolata,  Sow. 
„        plana,  Sow. 
Exogyra  conica,  Scav. 

„        plica ta,  ♦S'oit'. 
Gervillia  ancops,  Sow, 

„       rostrata,  Sow, 
Lima  rapa  (?)  dOrb. 
Lucina  orbicularis,  Sow, 
Mactra  anpulata,  Sow. 
Mytilua  tridens,  Sow, 
Nucula  obtusa,  So-^k 
Ostrea  frons,  Fark. 

Opis  Galliennei,  <TOrb, 

I'ecten  curvatus,  6Vm,  (^divari, 

eatus). 
Ppcten  Miller),  Sow, 
„      sp. 
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Pccten  (Neitheft)  4-c(wtatua  Soir. 

PectunculuB  umlionatus,  S"ii: 

„  sublaivia,  ■S'""'. 

SpondyluK  Btriatus,  Soiv. 
Tclliiia  inteqiuiliB,  Sow. 

„       Htriatula,  Souf. 
Theliii  gigaiitea,  Say. 
Trigonia  affinis,  MUhr. 
dii'dulen,  P'trk. 
„        flcnlirii^oia,  /-y. 


TriROnia  Bpectabilia,  Lye. 
„        vicaryana,  Lye. 


19  aul)la 


Ehynchonella  dimidiata.  Sow. 
(Poly«>a,  many,  unnamed). 
Serpulft  plexua,  Scf. 
„       concava,  Soio. 
Discoid ea  Bubuculus,  L^tke. 
Parkeria  Mpbserityi,  Carter.       ^^ 


Vertical  Uistril-ution  of  Fossils  at  Haldon,  so  far  as  at  present 
known. 


Ammonites  sp.      - 
Aporrhais  Parkinson!,  Son: 
Turritella  fn^nulata,  Soie.     - 


,,         rofitrata,  Soti'. 
CVtherea  plana,  S'lw.    - 
Exofiyra  conica,  Soie.    - 
OervDlia  auceps,  5tiw.  - 
Lima  aemisulcata,  A'ih. 
„     r»pa  (I),  <rOrft.    - 
Hodiola  revoraa,  Soi".  - 
OpisOaUienneiC)),  (fOrfi.    - 
Uittrea  frona,  I'ark. 
Pecten  curvatus,  Gfin. 
„      orbiciilariB,  *'W. 
„      (Neithea)  4-co-*tatiis,  Sote. 
„  „  5-toatatiia,  Sow. 

Pectuncuhis,  unibonatus,  Sow. 
Spondytiis  etriatus,  A'ow. 
Tellina  intequalia,  Sou: 
Trigonia  affinia.  Sow,     - 

„        dipdaleOj  I'nrk 

„        scabricola,  Lye. 

„  vicaryana,  Li/c. 
Discoidea  subuculus,  A7ti'»  - 
OrbitMina  concava  Lrnn.  - 
Corals  (sec  subsequent  lixt) 
Polyaoa  .... 
Elasmoslomauormanianuni,rf'OrA, 


CHAPTER  XVI. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN) 

IN   SOUTH  WILTSHIRE. 

Having  now  given  an  account  of  the  Selbornian  deposits  in 
the  southern  counties,  we  take  up  the  description  of  the  stage  as 
developed  in  Wiltshire. 

The  outcrop  of  the  Selboniian  in  this  county  is  very  irregular, 
owing  to  the  flexures  which  run  through  it  and  give  rise  to  the 
Vales  of  Wardour,  Warminster  and  Pcwsey.  (See  Map,  p.  248). 
In  these  areas  the  sandy  portion  of  the  formation  attains  a  con- 
siderable thickness  and  occupies  a  larger  area  than  in  any  other 
part  of  England  except  Devonshire.  Consequently  in  desciribing 
the  Gault  and  Greensiind  of  Wiltshire  it  will  be  convenient  to 
deal  separately  with  the  areas  above  mentioned. 

1.    The  Vale  of  Wardour. 

The  general  structure  of  the  Vale  of  Wardour  has  been 
explained  on  page  5,  and  is  illustrated  by  the  transverse  section 
Fig  67. 

Along  its  northern  side  the  dip  of  the  beds  is  everywhere  steep, 
while  along  the  southern  side  they  are  so  slightly  inclined  as  to 
appear  horizontal ;  as  a  consequence  the  biissct  surface  of  the 
Gault  and  Upper  Greensand  along  the  northern  border  is  often 
very  narrow,  wnile  on  the  southern  side  this  tract  is  much  wider. 

The  general  succession  is  not  unlike  that  in  the  Isle  of  Wight 
and  the  total  thickness  is  about  the  same  as  in  the  south  of  that 
island. 

The  Gault  of  this  district,  Uke  that  farther  south,  corresponds 
to  the  Lower  Gault  only.  It  passes  up  into  a  kind  of  impure 
malmstone,  or  fine  micaceous  sandstone  containing  a  variable 
quantity  of  colloid  silica,  and  this  in  turn  passes  up  into  soft 
sands. 

The  higher  members  of  the  series  consist  first  of  a  massive 
glauconitic  and  calcareous  sandstone  formerly  much  quarried  as  a 
building-stone ;  this  is  succeeded  by  soft  grey  silty  sands  with 
lenticular  layers  of  chert,  and  finally  by  gritty  green  sand. 

Dr.  Fitton  gave  a  good  general  account  of  the  Gault  and 
Greensand  in  the  Vale  of  Wardour  in  1836,^  but  his  estimate 
of  the  thicknesses  was  rather  too  little,  for  he  makes  the  Gault 
only  75  feet  and  the  Greensand  about  100  feet,  whereas  our 
estimates  bdnsed  on  the  six-inch  maps  give  from  90  to  100  feet 
for  the  Gault  and  about  150  feet  for  the  Greensand,  making  a 
total  of  not  less  than  240  feet. 


*  Trans.  Geol.  Soc.  Ser.  2,  Vol.  iv.  p.  246. 
IWO.  P  2 
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Lower  Gault. 


The  base  of  the  Gault  throughout  the  Vale  of  Wardour  is 
marked  by  a  thin  layer  of  small  pebbles,  mostly  of  quartz  and 
lydianite  (or  black  chert)  and  about  the  size  of  peas  or  beans  but 
some  larger.  Above  this  is  a  bed  or  beds  of  brown  ferruginous 
sandstone,  which  is  thin  at  the  western  end  of  the  Vale  but 
thickens  towards  the  east.  A  well  simk  at  Dinton,  north-east 
of  the  church,  in  1890,  passed  through  the  lower  part  of  the 
Gault  into  the  Lower  Greensand,  and  the  following  is  a  summary 
of  the  beds  traversed  ^ : — 


Gault 


Surface  soil   - 
'  Yellow  and  grey  clays 
Hard  ferruginous  stone 


Ft 

in. 

1 

6 

5 

0 

0 

8 

15 

0 

5 

0 

5 

8 

2 

6 

0 

6 

26 

8 

7 

0 

I  <  Brown  clays  with  a  layer  of  brown  stone 

^  Dark  grey  clay  with  selenite,  some  fossils  and  a 

few  small  phosphate  nodules     -        .        .        - 

[  Hard  grev  ferruginous  sandy  rock,  fossils 
Basement  J  Reddish-brown  sandstone  with  scattered  pebbles, 
Beds      I      fossils  and  fragments  of  wood    -        -        -        - 
I  Layer  of  small  pebbles 

Lower      f  Brown  and  grey  sands  and  stone  beds  -        -        - 
Qreensand  \  Grey  and  black  clays 7 

69    6 

It  will  be  noticed  that  the  basement-beds  are  here  8  ft. 
8  inches  thick,  and  it  might  have  been  expected  that  they  would 
yield  the  fauna  of  the  zone  of  Ainmoiiites  imi/in7niUatu8yU[it  this 
does  not  seem  to  be  the  case. 

The  following  fossils  were  obtained  from  the  brown  sandstone 
by  the  Rev.  wT  R.  Andrews  and  identified  by  Mr.  Sharman  and 
myself : — 

Ammonites  sp.  (?  Deshayesi    or        Modiola  sp. 

denarius).  Mytilus  sp. 

Natica  sp.  (?  Genti).  Ostrea  vesicularis. 

Area  (Cucullaea)  carinata.  Pecten  orbiculaxis. 

Cytherea  sp.  (]  plana^  young).  Pinna  sp.  (several^ 

Inoceramus  concentricus.  Pleuromya  mandioula 

„  sp.  (large).  Terebratula  biplicata. 

Lima  sp.  Holaster  Isevis. 

From  the  overlying  hard  grey  rock  were  obtained : — 

Ammonites  (Hoplites)  sp.  Area  Baulini  ? 

Turbo  sp.  (not  munitws),  Cardium      raulinianum  ?      (not 
Inoceramus  ap.  (large).  sub-hillanum), 

Cucullaea  glaora.  Pleuromya  plicata  ? 

„        sp,  Cyprina  angulata. 

In  the  clay  above  Mr.  Andrews  found  the  following  r-^ 

Am.  inteiTuptus,  Pecten  orbicularis, 

Trigonia  Fittoni,  Inoceranaua  sp, 

Pleuromya  mandibula.  Pinna  sp. 


» See  Geol.  Ma^,,  Dec.  3,  Vol,  viii.,  p.  2,92. 
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The  only  excavation  in  the  Gault  along  the  north  side  of  the 
Vale  is  that  of  a  brickyard  at  Ridge,  west  of  Chilmark.  Here 
about  40  feet  of  dark  grey  micaceous  silty  clay  is  seen  containing 
a  ntiarly  continuous  layer  of  dark  grey  argillaceous  ana 
calcareous  nuidstono  ur  silty  sandstone.  Small  ovoid  dark- 
coloured  sopUirian  stones  arc  sc^ittered  through  the  clay,  and  one 
of  these  was  analysed  for  us  by  Prof.  J.  B.  Harrison,  F.d.S.,  of 
Domerara,  the  result  showing  the  presence  of  nuich  phosphate  of 
lime  (51()  jier  cent.), carbonate  of  iron  (6  percent.),  and  carbonate 
of  lime  (19'38  per  cent.),  the  latter  probably  being  cliiefly  from  the 
calcite-veins  which  traversed  the  nodule.  These  phosphatic 
nodules  are  common  in  the  Gault  throughout  Wiltshire  and  the 
northern  part  of  Dorset ;  they  run  from  3  to  5  inches  in  length, 
and  are  oiten  2  inches  in  diameter. 

The  bedding  as  shown  by  the  layer  of  sandstone  masses  is 
between  5^*  and  6^  to  the  north.  The  difference  of  level  between 
the  base  and  top  of  the  Gault  is  about  50  feet,  thp  width  of 
basset  surface  is  aljout  500  feet,  and  on  a  level  with  a  dip  of  5^ 
this  would  bring  in  a  thickness  of  43i  feet,  so  that  tnere  is 
C(Ttainly  more  than  90  feet  assignable  to  the  Gault. 

Fitton  records  the  following  fossils  from  this  exposure : — 

Ammonites  Beudanti  Hostellaria  carinata. 

dentatus  [interniptii.s]  Pectunculus  unilionatus. 

tul>erculatu>*.  C-ythcrca  parva  ? 

selligiiiniis  (?)  Lima  elongata  (  =  parallela  d*Orb). 

„         varicosus  [?  an  error]  Terebratula  sp. 

Avellana  inflata.  Astacus  [?  Hoploparia]. 
Dentaliim  decussatum. 

The  Rev.  W.  R.  Andrews  has  himself  obtained  Amvionites 
interrnptus,  Am.  splevdms^  Inoce.ramvs  salcatas  and  a  large 
species  of  Cucidhna,  probably  ylahra. 

Upper  Greeiuand. 
Zone  of  Ammonites  rostratus. 

There  are  many  exposures  of  the  beds  composing  this  zone  on 
both  sides  of  the  Vale  of  Wardour.  It  forms  the  mass  of  what 
is  called  the  Upper  Greensand,  and  the  general  succession  is  as 
follows : — 

Ft  in, 

Glauconitic  sandstone  (zone  of  Pect2n  asper)- 

(  Soft  gveenish-grey  sand  >^ith  hard  irregular 

calciferons  concretions  (no  chert)  -        -        9    0 


?» 
»» 
»» 


Zone  of  Ammoti- 


Fino  greenish-grey  sand,  often  laminated 

")ecfd 


u.v,..v.^x  ..„w,.,^,.,  ,      and  ciirrent-becfded        -        -        about      30    0 
ties  rostratus    -  ]  Buft*  coloured  sands,  becoming  micaceous 

below  and  passing  into  soft  micaceous 

sandstone 50    0 

\ Impure  sandy  malmstone,  from  15  to        -      30    0 

Gault  (groy  sandy  micaceous  marl) 

The  fhickneses  given  are  approximate  only,  and   the  total 
probably  vanes  between  105  and  120  feet. 
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On  the  south  side  of  the  Vale  there  is  a  good  section  of  the 
malmstone  in  a  deep  fosse-way  by  Sutton  Mandeville  Church. 
The  beds  dip  at  about  12^  to  tne  south  and  the  top  is  not  seen, 
but  there  seems  to  be  a  thickness  of  about  30  feet ;  most  of  i*^^  is 
a  Uffht-grey  stone  of  small  specific  gravity,  so  that  it  feels  light  in 
in  the  hand,  but  some  of  the  beds  are  heavier  and  more  argilla- 
ceous with  spots  and  streaks  of  dark  grey  marl.  The  stone 
weathers  into  oeds  of  6  to  12  inches  thickness. 

Along  the  north  side  of  the  Vale  the  malmstone  and  the  over- 
lying micaceous  sandstone  can  be  seen  behind  the  stables  of 
Fonthill  House  and  in  the  lane  leading  to  Fonthill  Gifford,  where 
the  sandstone  contains  Serpitla  (Ve^t^n.)  cmicava  and  Exogynt 
columhci.  The  sandstone  is  also  well  exposed  by  Knap  Farm 
near  Ridge,  where  it  has  the  character  of  a  true  gaize  like  that  of 
Devizes  (see  pp.  55  and  251);  here  also  it  contains  Sermihi 
cmicava  and  impressions  of  bivalve  MoUusca.  It  is  also  visible  in 
the  lane  north  of  Dinton. 

The  best  sections  through  the  sands  which  form  the  higher 
part  of  the  zone  are : — 

The  large  sand-pit  below  Knoyle  Hill. 

The  lanes  near  Ilidge. 

A  sand  pit  in  Upper  Holt,  north-west  of  Teffont. 

The  lane  north  ol  Dinton. 

Large  sand-pits  by  the  road  north-west  of  Dinton  Manor  Farm. 

The  railway  cutting  near  Baverstock. 

The  lane  down  the  north  side  of  Fir  Hill,  near  Fovant. 


Zone  of  Peoten  asper  and  Qardlaster  fossarius. 

This  sub-division  is  well  developed  in  the  Vale  of  Wardour,  and 
consists  of  the  following  beds : — 

Green  sand  or  sandstone,  from  6  to  10  feet. 
Chert  Beds,  from  20  to  30  feet. 
Glauconitic  sandstone,  from  9  to  16  feet. 

the  average  thickness  being  probably  about  45  feet. 

The  glauconitic  sandstone  is  exposed  in  many  of  the  lanes 
and  roadways  on  both  sides  of  tne  Vale,  and  its  thickness 
increases  from  9  feet  on  the  western  side  to  14  or  16  feet 
towards  the  eastern  end.  In  the  middle  or  upper  part  of  it 
there  is  a  layer  about  12  inches  thick  which  consists  almost 
entirely  of  Ostrea  vesiculosa  shells,  and  where  the  rock  has 
been  decomposed  into  soft  sand  and  sand-rock  this  bed  of 
Oyster  shells  becomes  a  very  conspicuous  feature. 

The  stone  has  been  quarried  in  many  places  for  building- 
material  and  was  formerly  in  much  request.  Dr.  Fitton  says  it 
was  called  "  Greenstone  "  at  Fovant,  and  adds  "  it  is  valuable  from 
its  not  being  aflFected  by  frost.  It  can  therefore  be  dug  at  any 
season,  and  stands  well  in  water  as  in  the  foundations  oi  bridges, 
and  in  exposed  situations  as  in  copings  &c."^ 

^  Trans.  Geol.  See  Ser.  2,  vol.  iv.,  p.  246. 
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The  best  section  on  the  south  side  of  the  Vale  is  that  of  the 
old  quarry  at  Fovant  near  the  I^embroke  Amis.  Dr.  Fitton  gave 
the  succession  here,  and  his  account  differs  little  from  the 
following,  which  was  taken  m  1890: — 

Feet 

Soil  and  Rubble       - 3 

Fine  grey  silty  sand,  with  layers  of  chert  and  white  i)orous 

siliceous  stone 8 

Soft  grey  sand,  with  two  layers  of  greenish  calcareous  stone    -      4 
Soft  grey  sand,  with  nodular  lumps  of  calcareous  grit,  passing 

down  into  tough  greenish  sandstone  with  irregular  lumps 

of  hard  grit 6 

Finn  greenisli  sandstone,  standing  with  a  vertical  face  and 

weathering  yellowish  brown 10 

31 

The  onlv  fossils  seen  in  the  sandstone  were  Pecten  orbicularis 
and  Ostrea  ve.^icalvsa,  but  Dr.  Fitton  also  mentions  Sharks' 
teeth.  The  beds  are  nearly  horizontal,  and  form  part  of  a 
plateau,  which  lias  a  gentle  slope  to  the  southward.  The  stone 
is  rather  coarse  in  grain,  the  glauconite  grains  being  large,  dark 
green,  and  conspicuous. 

The  highest  l:)eds  of  the  Greensand  are  well  exposed 
near  Baverstock.  In  the  wood  about  half  a  mile  east  ot  the 
church  is  a  small  sand-pit  which  shows  marly  rfauconitic  sand 
(about  3  feet),  passing  down  into  sharp  bright  green  sand 
(about  8  feet).  This  must  be  just  below  the  "  Chloritic  Marl." 
In  the  railway-cutting  to  the  south-eastward  lower  beds  are  seen 
with  a  dip  of  about  10*^  to  the  north-east,  by  which  the  foUoAving 
succession  is  brought  in  (see  Fig.  68) : — 

Feet. 
Fine  grey  sand  with  layers  of  black  chert  and  white  porous 

stone 6 

Fine  giey  sand,  with  irregular  layers  of  porous  stone,  and 

doggers  ol  hard  calcareous  stone 8 

Light  greenish  grey  marly  sand,  with  a  layer  of  grey  calcareous 

stone  at  the  base Ij 

Firm  greenish  sandstone^  with  vertical  joints.  Ostrea  vesi<^ulom 

abundant  about  the  middle 13 

Soft  grey  sands  with  lenticular  layers  of  hard  siliceous  stone  in 

the  upper  part,  seen  fur 25 

About     54 

The  junction  of  the  Chalk  and  Greensand  can  be  seen  about  a 
mile  east  of  East  Knoyle  in  a  narrow  roadway  leading  up  into 
what  are  called  the  Bull  Pits.     The  section  here  is  as  foTloAvs : — 

Feet 

Chalk  Marl  and  Chloritic  Marl 7 

Hard  glauconitic  sandstone  with  a  few  phosphates  -        -        -    2 
/  Hard  coarse  glauconitic  sandstone,  with  large 
quartz  grains,  P.  asjter  -        -        -        -        -  1 
Zone  of      I  Soft  yellowish  grey  sand  -        -        .        .  3 

Pecten  asper  )  Greyish  sand  with  lenticular  layers  of  chert  and 

chertv  stone,  from         -        -        -        -      25  to  30 
ly  Firm  glauconitic  calcareous  sandstone     -        12 
Soft  grey  and  buff  sands  below. 
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One  of  the  best  sections  is  in  the  quaiTies  at  Upton,  two  miles 
west  of  Hiiidon.  Here  the  glauconitic  sandstone  has  been 
(juarried  at  the  top  of  the  hill  for  a  distance  of  about  200  yards ; 
it  appears  to  be  9  or  10  feet  thick,  and  it  yielded  the  following 
fossils:  Pectenasper.F.  Galliennei.P.  m'hieuhirisy  Neitliea  quin- 
quccodata,  and  Spmidylus  tiirUihis,  At  the  north-west  end  of 
the  (juarry  is  a  face  showing  about  20  feet  of  the  Chert  Beds 
dipping  N.N.E.  at  83^,  and  consisting  of  soft  marly  sand  with 
many  thick  irregular  layere  of  Avhitish  siliceous  stone  (sponge 
rock,  see  p.  64)  and  some  lenticular  masses  of  black  and  brown 
chert  near  the  top. 


2.    Stourton,  Longleat  and  the  Vale  of  Warminster. 

The  Gault,  which  is  cut  off  on  the  south  side  of  this  fault  at 
West  Knoyle  to  the  east  of  Mere,  appears  again  on  the  north 
side  of  it  near  Penselwood,  about  four  miles  west  of  Mere.  On 
the  old  Geological  Survey  Map  the  Gault  was  coloured  as 
Kimeridge  Clay  from  Penselwood  to  Bradley  Mill,  where  the 
Greensand  was  supposed  to  overlap  it  on  to  Oxford  Clay,  but 
the  Avriter  found  this  to  be  a  mistake ;  the  Gault  is  really  con- 
tinuous, and  can  be  traced  through  Longleat  Park  and  thence 
round  the  Greensand  Hills  of  Corslcy  and  Chapmanslade. 
There  are  also  two  inlying  tracts  of  Gault,  one  near  Stourton  and 
the  other  at  Crockerton,  near  Warminster. 

The  malmstone  comes  in  above  the  Gault,  and  is  succeeded  by 
a  varied  series  of  sands  which  form  a  high  plateau  by  Stourton, 
KJlmin^ton,  and  Maiden  Bradley,  having  a  steep  western  slope, 
but  fallmg  gently  to  the  eastward  toward  the  Chalk  hills  which 
divide  the  Vale  of  Wardour  from  that  of  Warminster. 

The  Warminster  anticline  has  a  much  lower  structural  eleva- 
tion than  those  of  the  Vales  of  Wardour  and  of  Pewsey,  and  it 
does  not  form  a  long  valley  or  hollow  between  high  Chalk  ridgas 
as  they  do.  It  is  really  a  prolongation  of  the  Greensand  plateau 
above  mentioned,  and  it  is  only  near  Crockerton  that  the  Green- 
sand has  been  so  far  removed  as  to  expose  the  Gault  over  a 
small  space  in  the  valley  of  the  river  Wily. 

Passmg  round  Cley  Hill,  west  of  Warminster,  the  outcrop  of 
the  Greensand  trends  north-westward  to  Westbury,  and  thence 
takes  a  still  more  westerly  direction  toward  the  mouth  of  the 
Vale  of  Pewsey. 

Through  the  district  above  described  the  Gault  maintains  a 
thickness  of  from  70  to  90  feet,  but  that  of  the  Greensand 
varies  and  diminishes  considerably  toward  Westbury,  where  some 
of  the  beds  thin  out  and  disappear  entirely,  so  that  whereas 
between  Maiden  Bradley  and  Warminster  the  thickness  of  the 
Greensand  is  from  150  to  160  feet,  near  Westbury  it  is  not  more 
than  80  or  90.  Further  east,  however,  by  Cheverell  and 
Lavington  it  thickens  again,  and  is  probably  about  140  feet. 
The  following  tabular  view  shows  this  variation  and  the  compo- 
sition of  the  formation  in  three  different  localities,  A  being  the 
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district  near  Maiden  Bradley,  Homingsham,  Crockerton  and 
Lonffbridge  Deverill,  13  that  of  Dilton  and  Westbury,  C  that  of 
Market  Lavington. 


3.    , 


M 


Green  sand  often  fossiliferous,  and  con 
taining  nodules  and  layers  of  calcareous 
stone 

"Chert  Beds" — fine  greyish  siucular 
sands,  with  layers  of  chert  and  siliceous 
stone 

Green  sands  with  layers  of  glauconitic 
limestone  or  greensand-rock 

Green,  grey,  and  buff  sands,  more  or  less 
micaceous,  with  E.ro<jjn'a  conica,  and 
passing  down  into  soft  micaceous 
sandstone  containing  large  "  burr- 
stones"         

Light  grey  malmstone     -        -        .        . 

Dark  grey  sandy  micaceous  clay 

Grey  micaceous  and  glauconitic  clay 


About 


The  beds  bracketed  as  1  form  the  Gault  of  Wiltshire — i.e., 
the  Lower  Gault,  including  the  zones  of  Am.  intemiptua  and 
Am.  laiitus,  that  of  Avi.  viaTnviillatus  not  having  been  proved 
to  exist. 

The  higher  beds  constitute  the  Upper  Greensand.  Those  in 
bracket  2  are  the  Devizes  Beds  (zone  of  Am.  rostratus),  which, 
however,  are  very  poor  in  fossils  in  this  part  of  Wiltshire.  Those 
in  bracket  3  are  the  Warminster  Beds  with  Pecten  asper  and 
Cardiaster  fossariiis,  both  of  which  are  generally  to  be  found. 

Although  the  Chert  Beds  are  represented  as  thinning  out,  and 
the  sands  above  and  below  as  thickening,  we  are  inclined  to 
believe  that  what  really  takes  place  is  a  lateral  change  from 
spiculiferous  sand,  with  its  accompaniment  of  cherts,  to  a  coarser 
glauconitic  sand  with  calcareous  rock,  so  that  the  Chert  Beds  of 
Warminster  and  DeverQl  merely  replace  a  portion  of  the 
glauconitic  sands  of  Lavington  and  Devizes, 

Lower  Gault. 

There  are  two  brickyards  in  the  Gault,  one  in  the  valley  of  the 
Bedford  Water,  about  a  mile  north  of  Longleat  House,  the 
other  at  Flintford,  on  the  main  road  from  Warminster  to  Frome.. 

At  the  former  locality  the  clay  is  dug  for  about  1 2  feet,  and 
consists  of  dark  grey  sandy  micaceous  clay,  with  a  few  scattered 

flauconitic    grains  and  nest«   of  such  ^ains  here  and  there, 
^hosphatic  septaria  occur  Uke  those  of  Ridge  and  Ndrth  Dorset 
(see  pp.  230  and  158),  and  there  are  also  a  few  smaller  phosphatic 
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nodules.      Fragments    of   Ammonites    inten^iiptiia    and  Am, 
Beiulanti  were  found. 

At  Flintford  there  is  a  more  extensive  excavation  and  a  more 
interesting  succession  ;  this  as  seen  in  1889  was  as  follows  :— 

Feet, 
Yellow  loamy  clay,  passing  down    into  lilac-grey    silty 

micaceous  clay 8 

Ijayer  of  rubbly  ferruginous  marl Oj 

Dark  grev  micaceous  clay 3 

Soft  bright  red  sandy  clay 1 

Dark  grey  clay,  tough  and  homogeneous,  dug  for       -        -  6 

About    -        -        -  19 

These  layers  are  persistent  all  round  the  pit,  but  at  the  north- 
east end  the  upper  part  of  the  clay  is  loose  and  mixed  with 
glauconite  grains  like  that  near  Longleat.  Septarian  nodules  are 
abundant,  especially  near  the  ferruginous  band,  and  some  of  them 
are  so  brittle  that  they  break  up  on  being  tapped  Avith  a  hammer. 
The  only  fossil  seen  was  a  bit  of  Am..  Beiidanti. 

A  different  section,  in  what  is  probably  a  rather  higher  part  of 
the  clay,  is  seen  in  the  brickyard  at  CTrockerton,  south-west  of 
Warminster,  where  the  Gault  is  brought  up  by  a  low  anticlinal 
flexure.  The  clay  here  is  dark  grey  throughout  to  a  depth  of 
over  20  feet,  and  it  contains  rather  large  phosphatic  septarian 
concretions,  some  being  as  thick  as  a  man's  arm.  At  a  depth  of 
about  25  feet  there  is  a  course  of  large  lenticular  masses  or 
doggers  of  hanl  dark-grey  sandy  stone;  these  are  from  6  to 
8  inches  thick,  and  are  internally  of  a  greenish  grey,  as  if  con- 
taining glauconite.  Many  fossils  have  been  founa  here,  and  the 
following  is  a  list  of  the  species  which  have  been  obtained  from 
this  locality  at  various  times : — 

Ammonites  benettianus.  Natica  rotundata. 

Beudanti.  „        QentL 

denarius.  Area  carinata. 

lautus.  Cardita  dupiniana 

interruptus.  ,,      tenuicosta. 

splendens.  Corbis  gaultina. 

Actseon  affinis.  Nucula  pectinata. 

Aporrhais  carinata.  Pecten  orbicularis. 

„         marginata.  Pectunculus  umbonatus. 

At  Westbury  the  Eden  Vale  Brickyard  showed  the  following 

section  in  1889 : — 

Feet. 

Top  earth  and  soil      -        - 4 

Sandy  micaceous  clay,  yellowish  near  surface,  lilac-grey 

below,  with  black  septarian  phosphatic  concretions      -  6 
Layer  of  brown  ferruginous  rubbly  marlstone  with  iron 

pyrites  (a  soft  ironstone) 1 

Dark  lilac-grey  clay,  dug  for 8 


19 


AmmMmitea  interrupt 
860  any  other  fossil& 
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Upper  Ghreensand  (Malmstone  and  Micaceous  Sands), 

Zone  of  Ammonites  rostratus. 

The  malmstone  has  been  traced  continuously  throughout 
this  part  of  Wiltshire ;  its  base  is  marked  by  the  issue  of  strong 
sprinj^  at  intervals,  and  m  these  spring-heads  the  stone  can 
sometimes  be  seen,  as  in  that  west  of  White  Street,  Homing- 
sham  and  in  the  spring-heads  north-cast  of  Westbury. 

The  thickness  of  what  may  correctly  be  called  malmstone 
seems  to  vary  from  15  to  25  feet,  but  there  is  no  complete  section 
of  it,  and  it  passes  up  into  the  soft  micaceous  sandstone  or  Gaize, 
which  is  really  only  a  more  sandy  form  of  the  same  kind  of 
rock.  One  of  the  best  sections  is  in  a  pit  at  Water  Farm,  north- 
east of  Corsley ;  here  about  8  feet  of  light  grey  compact  stone 
are  seen,  one  course  about  a  foot  thick  being  hard ;  in  the  lane 
above  softer  stone  is  seen  passing  up  into  loose  micaceous 
sand. 

In  the  inlier  near  Crockerton  these  beds  can  be  seen  in  several 
places  above  the  Gault.  Thus  in  the  road  near  the  brickyard 
pale  grey  silty  marl  is  seen  overlain  by  rubbly  malmstone  and 
yellowish  grey  sand ;  but  the  succession  of  malmstone,  sandstone 
and  sand  is  better  seen  in  the  bank  and  road-cutting  above 
Sutton  Veny  Mill. 

The  highest  beds  of  this  zone  are  exposed  in  a  sand-pit  by  the 
school-house  in  Cannamore  Lane,  west  of  Warminster,  which 
in  1889  showed  the  following  face : — 

.    Feet 

Dark  soil 2 

Soft  greenish,  fine-grained  and  laminated  sand  -        -        -    16 

Layer  of  decomposed  ferruginous  concretions. 

Light-grey  micaceous  sand,  seen  for  .        -        -        -      6 

24 

In  the  road-cutting  south  of  the  church  at  Dilton  Marsh,  near 
Westbury,  malmstone  (weathered  and  yellowish)  is  seen  at  the 
bottom  overlain  by  buff-coloured  sand,  which  is  coherent  enough 
to  stand  in  a  face  15  to  18  feet  high.  The  same  sand  is  seen  in 
the  railway-cutting  to  the  soutn-east,  and  it  contains  large 
boulder-like  matter,  or  "  doggers,"  of  hard  calcareous  stone, 
which  are  locally  called  "  burr-stones."  They  seem  to  be  masses 
of  the  sand  compacted  by  a  cement  of  crystalline  calcite,  and 
they  have  been  used  in  the  construction  of  the  bridges  on  the 
railway-line  near  L)ilton. 

At  Westbury,  above  Bitham  springs,  which  mark  the  outcrop 
of  the  malmstone,  and  east  of  rrospect  Square,  is  a  large  sand 
pit  showing  about  20  feet  of  soft  fine  greenish-grey  sand, 
weathering  yellow,  with  a  course  of  larjje  "  burr-stones,"  some  of 
which  are  2  J  feet  long  by  1 J  deep ;  mternally  these  are  very 
hard  and  compact,  of  a  dark  grey  colour,  and  they  contain 
Serpula  (VerTnic.)  concava,  Exogyra  conica,  Pecten  oi^blcidaris, 
and  Pecten  (Neithea)  quhiqiieooatata.  At  this  point  the  total 
thickness  of  malmstone  and  sand  to  the  base  of  the  Chalk  aeema 
to  be  less  than  80  feet. 
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Upper  Greensand  (Waxminster  Bed8)r 

Zone  of  Cardiaster  foBsariua. 

The  actual  succession  of  the  beds  which  form  this  part  ot  the 
series  near  Maiden  Bradley  has  been  given  on  page  235,  and  a 
good  section  of  the  uppermost  beds,  and  of  their  lunction  with 
the  Chloritic  Marl  is  exposed  in  the  quarry  nortn-west  of  the 
church  at  Maiden  Bradley.  The  following  particulars  of  this 
section  were  obtained  by  Mr.  J.  Scanes,  the  Master  of  Bradley 
National  School,  and  their  accuracy  has  been  confirmed  by  Mr. 

Hill,  who  visited  the  quarry  in  1897  : — 

Ft.  in. 
Surface  soil    - 16 

(Chloritic  Marl,  with  scattered  phosphatic  nodules  and 
fossils ;  marly  above,  sandy  belov^      -        -        -        -    2    0 
Brownish  glauconitic  sand  with  a  layer  of  brown  fossils 
and  phosphatic  concretions  at  the  base       -        -        -    0    6 
Layer  of  calcareous  concretions,  brown  outside,  whitish 

within,  packed  in  glauconitic  sand  -  -  -  -  1  0 
Glauconitic  sand,  with  some  calcareous  concretions  -  2  9 
Fine  greyisli  white  spiculifcrous  sand  ^^^th  lumps  of 

grey  chert  .'."."  "  "  "  -  3  6 
Fine  grey  glauconitic  sand  with  broken  PecUn  4-co8tatus 

and  Cardidster  fosmri^is    -        -        -        -        -        -  2  0 

Large  blocks  of  cherty  stone,  nearly  continuous    -        -  1  0 

Fine  grey  glauconitic  sand 10 

Hard  granular  sponge  rock    -        -        -        -        -        -  1  9 

Light  grey  spiculiferous  sand  seen  below       -        -        . 


2. 


1- 


About  18  feet. 

The  beds  bracketed  as  1  belong  to  the  C'hert  Bed  group.  The 
overlying  glauconitic  sand  appears  to  be  the  eqtiivalent  of  the 
bed  which,  near  Shute  and  Kye  Hill,  has  yielded  the  fauna 
known  as  that  of  the  Warminster  Greensana.  The  succeeding 
bed  of  closely  packed  concretions  is  a  remarkable  layer;  the 
lumps  of  stone  are  locally  called  "  cornstones,"  they  have  a 
brownish  crust,  and  do  not  seem  to  be  exactly  in  situ,  but  have 
the  appearance  of  being  the  remnants  of  a  bed  from  which  the 
sand  has  been  riddled  or  washed  away.  They  differ,  however, 
from  the  concretions  in  the  sand  below,  being  of  a  finer  grain. 

We  consider  the  "  cornstones  "  as  the  highest  bed  of  the  Green- 
sand  in  this  section,  and  the  succeeding  beds  will  bo  described 
under  the  head  of  Lower  Chalk. 

Mr.  Hill  and  Mr.  Scanes  have  found  a  certain  number  of  fossils 
in  the  sand  below  the  "  cornstone  "  bed,  and  has  sent  them  to 
me  for  identification.     The  following  is  a  list : — 

Ammonites  curvatus.  Exogyra  conica. 

„  Mantelli.  Ostrea  vesicularis. 


varians.  Pecten  asper. 

„      var  Coupei.  Inoceramus  sp. 


Nautilus  deslongchampsianus.  Terebratula  biplicata. 

,,       Itevigatus.  Rhjoichonella  grasiana. 

Turrilites  sp.  Cardiaster  fossarius. 

Dentalium  rotomagense  (?).  Discoidea  subuculus. 

Area  mailleana.  Serpula  sp. 

Lima  semisulcata.  Tremacystia  Orbignyi, 
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The  Chert- beds  are  quarried  at  several  places  near  Maiden 
Bradley,  and  they  have  been  more  extensively  worked  near 
Stourton  and  Penselwood  to  the  south-west.  Mr.  H.  B.  Wood- 
ward^ estimates  their  thickness  at  the  latter  place  as  between  20 
and  30  feet.  They  include  layers  of  hard  chert  and  of  porous 
siliceous  stone,  and  the  latter  was  formerly  extracted  for  building- 
material  and  for  the  manufacture  of  whetstones  for  sharpening 
scythes,  and  were  known  as  "  pen-stones."  The  pits  from  which 
they  were  dug  still  remain  as  conical  depressions  or  holes,  and 
under  the  name  of  "  Pen-pits  "  Avere  supposed  to  be  the  remains 
of  early  British  habitations.- 

Dr.  G.  J.  Hinde  remarks  that  sponge-spicules  are  very  abundant 
in  these  chert  beds,  and  that  "  the  sponge  beds  of  this  locality 
are  distinguished  by  the  absence  of  calcite  and  by  the  small 
proportion  of  glaucoiiite  and  mica  in  them.  ...  In  addition 
to  the  chert  and  porous  siliceous  rock,  some  of  the  sponge-beds 
consist  of  a  hard  whitish  massive  rock  of  a  granular  character, 
filled  with  spicules  of  a  white  porcellanic  tint.  The  rock  appears 
to  be  entirely  siUceous;  the  silica  is  partly  chalcedonic  and 
partly  amorphous,  and  in  the  globular  form."  ^ 

The  above  description  will  apply  also  to  the  Chert-beds  at 
and  near  Maiden  Bradley,  the  hard  granular  rock  at  the  bottom 
of  the  quarry  above  described  being  of  the  kind  mentioned  by 
Dr.  Hinde. 

The  fossils  which  are  generally  known  as  those  of  the  War- 
minster Greensand  were  not  obtained  at  or  very  near  Warminster, 
but  most  of  them  came  from  a  sand  pit  in  a  field  on  Shute 
Fann,  which  is  three  miles  south-west  of  that  town,  and  about 
the  same  distance  E.N.E.  from  Maiden  Bradley.  The  site  of 
this  old  pit  was  pointed  out  to  me  in  1 889,  and  I  had  a  trench 
dug  down  the  slope  of  the  depression  which  had  been  the  pit ; 
this  trench  proved  the  existence  of  Chloritic  Marl  for  about 
three  feet,  the  upper  two  feet  being  a  hard  glauconitic  and 
gritty  chalk  with  many  phosphatic  nodules  passing  down  into 
softer  sandy  marl,  with  fewer  phosphates;  digging  a  hole  below 
this  a  loose  green  sand  was  found,  which  contained  no  phos- 
phatic nodules,  but  yielded  many  of  the  small  Brachiopods  and 
Echinoderms  belonging  to  the  *'  Warminster  "  fauna.* 

It  was  evident,  therefore,  that  at  this  spot  there  exists  a 
fossiUferous  green  sand  overlain  by  beds  naving  the  usual 
characters  of  the  Chloritic  Marl  or  zone  of  SfcAiroiiemu  Carteri. 
In  other  parts  of  the  field,  which  lies  to  the  south  of  Shute 
Farm,  fossils  like  those  of  the  green  sand  in  the  pit  can  be  picked 
up  on  the  surface,  and  I  purchased  a  handful  from  one  of  the 
farm  labourers  which  had  been  so  picked  up  after  the  field  had 
been  ploughed. 

*  Geology  of  East  Somerset.    Mem.  Geol.  Survey,  p.  138. 

*  See  Rev.  H.  H.  Winwood,  Proc.  Somerset  Arch,  and  Nat.  Hist.  See. 
vol.  XV.,  and  H.  B.  Woodward,  Midland  Naturalist,  1883. 

^  On  Beds  of  Sponge  Remains  in  the  Lower  and  Upper  Greensand  of  the 
South  of  England.    Fhil.  Trans.  Roy.  Soc.,  1885,  p.  420. 

*  For  details  respecting  the  Warminster  Greensand  and  its  Fossils,  see 
a  paper  in  Geol.  Mag.,  Dec.  iv.,  vol.  iii.,  p.  261,  1896. 
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At  Rye  Hill  Farm  (Ray  Hill  on  the  old  Ordnance  map)  which 
is  half-a-mile  south-east  of  Shute  Farm,  the  jmiction  of  this 
fossiliferoiis  sand  with  the  Chloritic  Marl  is  exposed  in  two  small 
pits  dui£  in  the  lane  which  runs  on  the  southern  side  of  the 
iarm.     The  beds  seen  here  in  1889  were  as  follows : — 

Feet. 
Sandy  marl  and  calcareous  sand,  with  a  few  scattered 

brownish  phospliates about    3 

P  issing  into  sliarp  greenish-grey  sand,  slightly  calcareous, 

with  many  fossils about    2j 

Green  sand,   including  scattered   lumps  of    hard  white 

calcareous  stone  (**  Cornstones  ") 1 

There  is  a  complete  passage  downwards  from  the  Chloritic 
Marl,  but  there  are  no  phosphates  in  the  fossiliferous  portion  of 
grey  sand,  which  is  loose  and  easily  dug,  while  the  glauconitic 
marl  aboA-e  is  hard  and  set  like  mortar.  The  ^ey  sand  consists 
largely  of  small  angular  grains  of  quartz,  varymg  much  in  sizes, 
and  mingled  with  OTains  of  glauconite.  Discaidea  suhucula  is 
not  so  abimdant  nere,  though  common,  but  Rhynchonella 
grasiana  abounds  ;  Ammonites  varians  is  not  imcommon,  some 
of  them  being  broken  casts  in  a  hard  yellowish  calcareous  paste. 

The  layer  of  hard  calcareous  nodules  does  not  form  a  separate 
bed ;  the  nodules  are  simply  scattered  through  a  thickness  of 
sand  which  varies  from  9  to  14  inches  in  depth ;  they  are  of  all 
shapes  and  sizes,  from  that  of  a  Avalnut  to  a  good-sized  turnip, 
some  lie  obliauely  in  the  sand,  and  some  have  their  longer  axis 
nearly  vertical ;  they  are  rather  decomposed  on  the  outside,  and 
small  oysters  are  attached  to  some  of  tnem.  In  size,  shape,  and 
internal  structure  they  are  just  like  the  "  cornstones  "  of  Maiden 
Bradley,  but  they  are  not  phosphatised,  and  seem  here  very 
slightly  displaced  from  their  original  positions.  The  sand  in 
which  the  lowest  of  them  are  embedded  is  of  a  rather  darker 
green  than  that  above,  but  otherwise  similar. 

South-east  of  these  pits  green  sand  is  seen  in  the  bank,  and 
may  be  6  or  7  feet  thick,  a  floor  of  chert  crossing  the  lane  below 
them. 

Many  collections  contain  fossils  in  brown  and  black  phosphate 
labelled  as  coming  from  "  Warminster  Greensand,"  ana  the 
inclusion  of  these  m  previously  published  lists  has  led  to  mis- 
takes in  the  correlation  of  other  beds  with  this  Rye  Hill  and 
Shute  Farm  Sand.  There  are  no  dark  phosphates  in  these 
sands,  and  those  so  labelled  must  have  come  from  the  Chloritic 
marl  which  overlies  it,  and  which  contains  many  fossils  (chiefly 
in  the  state  of  casts)  which  do  not  seem  Co  occur  in  the  under- 
lying sands.  Mr.  Rhodes,  the  Fossil  Collector  of  the  Survey, 
was  sent  to  collect  from  Rye  Hill,  and  the  list  at  the  end  of  the 
Chapter  has  been  prepared  partly  from  the  species  so  obtained, 
and  partly  from  a  careful  inspection  of  the  collections  at  Jermyn 
Street,  Cambridge,  Devizes,  and  other  places. 

The  Chert  Beds  are  quarried  for  road-material  at  Longbridge 
Deverill,  Sutton- Veny,  and  Boreham.  Fossils  are  not  abundant 
in  these  beds,  but  Peden  asper  and  P,  orbicularis  were  found 
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at  Longbridge  Deverill,and  Cardiaster  fossaruts  at  Sutton- Veny. 
The  first  exposure  of  them  is  in  the  large  quarry  by  Boreham 
Grange,  two  miles  E.S.E.  of  Warminster.  In  1889  this  showed 
the  following  strata : — 

Ft.  In. 
Dark  sandy  soil  passing  down  into  a  greensand  with  a  layer 
of  small  calcareous  nodules 4    0 

Blocks  of  hard  calcareous  glauconitic  sandstone   -        -        -    0    9 

Dark  greensand  with  a  layer  of  calcareous  sandstone  nodules 
in  the  middle 4    6 

Blocks  of  hard,  compact  and  crystalline  limestone  in  greenish 
sand 10 

Irregular  layers  of  light-coloured  siliceous  stone  with  lenti- 
cules  of  black  chert 2    0 

Soft  greensand 10 

Soft  grey  silty  spiculiferous  sand,  drying  nearly  white,  with 
nodules  of  dull  bluish-grey  chert 10 

Discontinuous  layers  of  grey  silt  and  hard  chert  -        -        -    3    0 

Greensand  with  fossils,  9  inches  to 10 

Layers  of  grey  sand  and  striped  chert,  with  a  thick  bed  of 
chert  at  the  bottom 40 

22    3 

Pecten  aaper  and  P.  orbwidaria  occurred  in  the  greensand 
near  the  bottom.  The  bedding  is  nearly  horizontal.  It  is 
interesting  to  notice  that  glauconitic  sands  with  layers  of  cal- 
careous stone  come  in  here  above  the  beds  of  chert  and  spiculi- 
ferous sand.  A  small  pit  north  of  the  Grange  shows  marly  soil 
with  fossils  and  phosphates  derived  from  the  Uhloritic  Marl  over- 
lying 9  feet  of  dark  greensand  which  is  probably  the  same  as  that 
seen  at  the  top  of  the  larger  ouarry.  This  sand  seems  to  occupy 
the  place  of  the  Rye  Hill  fossuiferous  sand,  but  does  not  resemble 
it  in  colour,  and  HoUiater  Icevis  with  a  fragment  of  Amtnonites 
varians  were  the  only  fossils  seen  in  it. 

The  lower  part  of  the  Chert  Beds  and  the  underlying  green- 
sands  are  exposed  to  the  south  of  Warminster  in  tne  lane 
leading  from  Oldfield  Farm  to  Henfords  Marsh.  Near  the  top 
of  the  cutting  there  are  beds  of  greensand  and  hard  ^ey  chert ; 
lower  down  about  10  feet  of  buff-coloured  spiculiferous  silt 
and  whitish  siUceous  stone  with  calcareous  concretions  are  seen ; 
and  still  lower  is  a  sand  pit  showing  the  following  section : — 

Feet, 

Soil  with  fragments  of  chert      • 2 

Buff  coloured  silty  sand  with  two  courses  of  cherty  stone  -        -    6 

Green  sand  with  lumps  of  calcareous  stone        -        -        -        -    5 

Coarser  greensand  partly  cemented  by  calcite  with  masses  of 
greensand«rock,  containing  fossils  e 2 

I/>oee  greei^Qd,  seen  for  -       -        •  -    2 


242  CRETACEOUS  ROCKS  OF   BRITAIN. 

The  fossils  found  here  in  the  grecnsand-rock  were  Pecten  asper, 
P.  orhicidariH,  P.  Galliennei,  and  Ntithea  qviadricoatata. 

The  same  bed  with  a  similar  band  of  fossiliferous  rock  can 
bo  seen  in  a  pit  on  the  east  side  of  the  river  Wily,  opposite 
Longbridge  Dcverill  church,  some  20  feet  of  grcensand  with 
Exogyra  conira  being  there  shown  below  the  rock-bed,  which 
is  the  lowest  bod  in  which  Pecten  asper  has  been  found. 

Greenish  grey  sands,  with  large  calciferous  burrstones,  con- 
taining Exogyra  covwa  and  Neitfiea  cequicostaUi,  are  seen  in  a 
small  pit  on  Warminster  Common,  and  it  was  from  pits  at  that 
place  that  most  of  the  siliceous  sponges,  for  which  Warminster 
was  famous,  Avere  obtained. 

Passing  northward  towards  Westbury,  it  would  appear  that 
he  Chert  Beds  and  spiculiferous  sands  are  greatlj"  reduced,  and 
are  partly  represented   by  glauconitic   sands   with   layers   and 
doggers  of  calcareous  sandstone. 

At  Dilton,  about  two  miles  south-west  of  Westbury,  a  cutting 
at  the  cross-roads  west  of  the  church  shows  six  feet  of  green- 
sand,  with  layers  of  clear  brown  chert  overlying  two  feet  of 
yellowish  greensand,  containing  many  small  brown  phosphatic 
nodules,  and  below  this  are  the  yellowish  micaceous  sands  of  the 
Am.  rostratus  zone. 

Two  hundred  yards  south  of  this  is  a  small  sandpit  about 
eight  feet  deep  in  yellowish-green  sand,  with  two  courses  of  chert 
and  several  large  blocks  of  hard  glauconitic  limestone  of  a  reddish 
tint.  As  the  dip  is  southward,  these  beds  probably  succeed  the 
last  mentioned.  Still  further  south  is  another  sandpit  which 
■hows  the  following  section  : — 

Feet 

3.  Sandy  chalk,  with  phosphatic  nodules  and  Stauronenw, 
Carteri,  the  upper  part  hard,  softer  below  and  pass- 
ing into  the  next 4 


2.  Greyish  greensand  like  that  of  Rye  Hill, 
Warminster  j  ^"^  containing  a  few  fossils        -        -    2i  to  3 

Nodules  of  hard  calcareous  stone  at  intervals. 
1.  Dark-greensand  with  irreguh\r  masses  of 

hard  calcareous  sandstone  -        -        -         4 


Beds. 


This  section  resembles  that  of  Rye  Hill  more  than  any  other 
in  the  district,  and  the  following  fossils  were  found  in  bed  2 : — 

Pleurotomaria.  Rhynchonella  grasiana. 

Trochus.  Terebratula  biplicata. 

Pecten  asper.  Disco  idea  subuculus.. 
Spondyfus  striatus. 

The  foUoAving  is  a  revised  list  of  the  fossils  of  the  Warminster 
Beds,  based  on  the  lists  published  in  the  Geological  Magazine 
for  1896.  The  letter  s  signifies  obtained  by  the  Geological 
Survey,  o  that  the  fossil  is  preserved  in  the  British  Museum, 
Woudwardian  Museum,  or  some  other  collection. 
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FossUa  of  llbe  Warmiiister  Beds. 


Ichtbyosauriii 
Polyptychodo 


campylodon,  Carter 
I  intermptUH,  Owen 


Pitcet. 

Anomoeodas  augUBtus,  jI,-/.  (  =  Ca'l(Kiui 
cretaceus,  Ag^ 

Ccelodiu  8j>, 

l.'iiriut  f;iifiitnfi,  A<f.      -         -         .         - 
Edftjihodon  crassuH,  Xewfon 
J^ncbodufl  Icwi'sienHLi,  Mant. 
Lamna  appendiculata,  Ajj.  ■ 
„      macrorhiza,  Cope     - 
Oxyrhina  Uantelli,  Ai. 
Plethodus  cx|jaiisiLs,  I)ij-on. 
I*rotosptiynena  ferox,  LeMj/ 
IHychodus  decurrens,  Ag.    - 
BcapaDorliynchiu  subalatus,  Ag.  - 


Ctphalojxula. 

Ammonites  complanatua^  .Sow   —  (A. 
largilliertianuM,  iVOrO.) 

„  fftlcatUM,  Mant. 

„  „       var.curvatu8,J/«»(. 

„  il  antelli,  A'ow. 

„  iMvicularia,  ifant.  ■ 

„  planulatus,  Sme, 

„  variana,  AW.  - 

,}  I,      var.  Coupei.flrony. 

Itacnlites  baculoideH,  tSOrb. 
Haiiiit«H  Parldnaoni  \  Flem. 


Tiirrilites  Morris!,  Sharpe    - 

„         Wiiwti,  S/iarpe     - 

lieleiiiDiteH  ultimiw,  rFOrb.  - 


Nautilus  Hesfongchampsianus,  if  OM. 
„        expanxa't,  .S'oip. 
.,        lar^lliertianus,  ^Ofti.  - 
„        liGvigatUH,  .SV/ie.     - 


Aj»f»rrhftis  oligochila,  Gnrd. 


Dentalium  rotoniagenBe  ?,  lUOrb. 
Fu^us  bUineatUH  \  P  ii  R.  (=  Murex) 
L't:orinaorTrocha3    -        -        .        - 
Pleurotomaria  brongniartiana,  (TOrh. 
„  mailleana,  (tOrb,  - 
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Fossils  of  the  Warminster  Beds — cont 


Lower 
SandB. 

Chert 
Bod«. 

Rye  Hill 
SandB. 

Ga»iero]ioiin  —cont. 

Plourotomaria  perspectiva,  Mant. 

3.  -ftiunnanTii,  !>.  <t-  H. 

:  '  : 

Solarium  ornatum,  A'oic 

dentatum  ?  dOrb. 
Scalaria  sp.  (casl«) 
Trochua  variabilis  1  SeeUy.  - 

„      sp.  (caAts) 
TuiTitella,  Hp.       -        -        - 


Lamellibrtinrkuilii. 

Anomia  cf.  convexa,  Sow.    - 

„      cf.  Tadlnta,  Hmi: 
Area  (Cuculifea)  mftillean.-i,  iVOrb. 
Avicula  grypii».>ides,  A'ow,  - 


Cyprina  qua 

Cypricardia,    , 

Eiogyra  conica,  Sov:  ■        -        ■        -  j 

„       haliotoidca,  Noiti.  - 
InoceramUB  latn-H,  ePOrb.  (iwn  Mant.) 


Lima  attperai  Mant. 


iTOrb.  - 

elongnta  1  fiow.  -  -        -        - 

jllobosd,  Soir.       -  -         -         - 

ornata,  <FOrb.     -  ■        -        - 

rotomagenain.  if  Orb.  ■ 
seniiornata,  dOrb. 

semibulcata,  Soie.  .        -        . 

Lucinaap. 

LithodomUB 

Hodiola  sp.  -        .        .        -        - 

08treacaiiRlirulata,.S''iir.(  =  0./rt(enfi/ij(J 

„     frons,  Park.(=-0.«ir»'M(i(a,A'o(<'.) 

„     \esiciilaria,  Lam. 

„     vesiculosa,  Hoie. 
Pect«Qaspei  Lam. 

„     elongatiist  Ijam.      -        -        - 

„     cf.  fiBBicoBta,  Eih. 

„     GftUiennei,  dOrb. 

„     hispidu-s,  OMf. 

„     orbionlaris,  Sow. 

„      piizoaiamw,  dOrb.    ■ 

„     (H  inn  ilea)  ap.   - 

„      (Neit!iea)a--iiuifD.-'tatu«,  ifflm.  ■ 

„  „        comete,  dOrb,  - 

„  „        quadricoatatus,  Soiv.  - 

„  ,,        quinquepostatUB,  Sow. 

PliMtnla  inJitts  tftfw,  - 
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Fossils  of  the  Warmhister  Beds — cont 


Lower 
Sands. 


Rye  Hill 
Sands. 


La  fueliifnunchmta — cont. 


Pholadomya        -        .        .        . 

Pleuromya 

Solecurtus    -  -        -        . 

Spondylus  striatus,  Sow. 

„  dutempleanus  ?  dPOrb, 
Trigonia  aliformis,  Park.     - 

„       vicaryana  ?  Lye.     - 


Brachiojxxin. 

Argiope  megatrema.  Sow. 
Lingula  subovalis,  Dav. 
Kiugcna  (Megerlia)  linia,2>«//*.    - 
llhynchonella  dimidiata,  Sow. 

,^    var.  convexa,  SoiP 
grasiana,  fOrb. 
mantelliana,  aSW.  - 
Martini,  Jfant 
Schloenbachi,  Dar. 
Terebratula  biplicata,  *SW.  - 
ODefc;a,  Soio. 
ovata,  Soio. 
phaseolina?  Lam.     - 
squamoifa,  Afant. 
Terebratulina  triangularis,  Ether. 

„  striata,  WaJU. 

Terebnitella  Menardi,  (TOrh. 
,,         pectita,  Sow.    - 
Terebrirostra  lyra,  Swo, 
Waldheiniia  (like  Juddi,  Walker) 


—    I 


_    I    _ 


>» 


Polyzoa. 

Bidiastopora  lamellosa,  (TOrb. 
Ceriopora  polyniorpha,  Gold/. 
(Jhoristopetaluni  iinpar,  Lotis. 
Claufla  francquana,  (TOrb.    - 

„     micropora,  (TOrb. 
Diastojiora  Sowerbyi,  Long. 

„         tubulus  ?  (TOrb.  - 
Entalophora  cenoniaua,  d'Orb. 

„  ramosissima,  dOvb. 

„  sp.  -        -        - 

Eschara  cybele  ?  d!Orb. 

p      sp.  .        -        . 

Radiopora  pustulosa,  dOrb. 
Spiropora  cenomana,  dOrb. 
Tnincatula  pinnata,  Ecenu  - 


_    I 


I    _ 


-    I    - 


s 


_    I 


—    I 
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Fosails  of  the  Wai-miviater  Beds — cont. 


Lower 

Sands. 

Chert 
Beds. 

Rye  HUl 

Crtutatea. 

Cyphoaotus  incertus,  Carter 
Hemioon  Cunuinstoni,  He/l 
Necrocarcinuri  Bechei,  Dedon/j. 

gl»ber,  Wood,r.     -        ■ 
„             tricariaatua.  Hell  - 

Woodwurdi,  Bfli  - 
Piagiophthalmus  ovifoniiis,  Btll 
Xanthosia  gibboaa,  B«U       - 

Pollii;ipea  sn. 

Sca]i€lhini  lineatum,  Daru: 

A  HTulidfi. 

Ditniiia  difformis,  Lam. 
Borpnia  ampuUacea,  Soip.    - 

„       aniiulata,  Keusi       - 

„       antiquatft,  Sow. 

„       filifonnis,  Sow. 

„       ilium,  Sow.      -        -        .        - 

„       macropua,  ,^ou: 

„       plana,  Woodw. 

„       plexus,  AW.  -        -        .        - 

„                 „           umbonata.A'wp. 

Antedon  paradoxus     -        .        -        - 
Caratomus  roatratua,  Ag.     - 
Cardiaster  fosaanua,  Serutl. 
„          Pcrezi,  Sitm.     - 
Cfttopygua  colmnbariu*,  Lam.     - 
pyrifonnis,  Gold/.      - 
Cidaris  velffei^  Jp.    -        -        -        - 
„      vesiculosa,  QMf.    -        -        - 
Cottaldift  Benettiffi,  Kieni^  - 

EchioobriasuHlacunosua.  (?oW/.  - 
Morriai,  Forbei     - 
EchinocyphuB  difficilis,  Ag. 
Echinospatacus  Coll<«nu,  Sitm. 

Epiaater  Lonoli,  Wright     - 
Glyphoi;yplius  radiatua,  Uitn.     ■ 
Goniophorus  luuuktuB,  Ag. 

Holaster  laBvis,  Ag.      - 

subg]olw.™s,  LtKkt 

Hi 

\ 

a1 

o' 
o' 
o' 

0 
0 

; 

0 
0 

'  These  crabs  were  all  found  in  a  quany  near  Klaiden  Bradley  bv  Mr 
J,  Scuiea.  N.  glabcr  was  described  by  Dr.  H.  Woodward  in  Geol.  Mag., 
Dec.  4,  vol.  v.,  p.  302  (189fl) 
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Fosaila  of  tJte  Warminster  Beds — cont. 


Lower 
Baudi. 

Chert 
Beds. 

Eye  Hill 
Saads. 

PeltftstoB  clathratus,  Jy.      - 

unilirt-lla,^,,. 
Peritncrinm  At.-a.'vsizi,  Uii-irmni'   - 
Paeudodiadcma  Benettiie,  Forbet 

Rhodani,^;7.       -        - 
,,             variolare,  Brtmg. 
PyrinalaiTis,  ^,/.          .        .        .        . 

Salenia  r)csori,  M'ri<,ht        -        -        - 

."       Lrioii,  ?r™?A(       -        -        - 
petalifera,  Desoi:    ■ 

Micrabacia  coronula,  OoW.         -        - 
Trochoamilift  sp.  -       -       -       -       - 

Ilydrotoa. 
Parkeria 

Corynella  rugosa,  Ilinde 

„         aocialis,  Hind«    - 
Elasniuatoinit  eonsobrinuni,  tTOrb. 

ManOD  pezua,  ff'f^r.  -        -        -        - 
PachytiJodifl  infimdibitlifonnis,  tPOrb. 
Peronidella  fiircata,  Gold/.  ■ 
Pharetrospongia  Strahani,  Sollat 
Porosphiera  urceolata,  Phil. 

Ttemacystia  Orbignyi,  Ilinde      - 
„        siphonioides,  MuA.  - 

Sponffida  (miiceoui). 

Carterella  flylindrica,  Zilt.  - 
Chenenilop-im  ^(idielini,  llin-U  ■ 

2 

_ 

8 

- 
o 

V 

- 

0 

0 
0 

0 

'  Mr.  Cunnington  informs  me  that  it  is  doubtful  whether  this  species  has 
been  found  near  Warminster.  So  far  as  lie  knows  it  oecurs  only  at 
Savemake  (sue  p.  26!>). 
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Fossils  of  the  Warminster  Beds — cent. 


Spongidii  {Siliceous) — cont. 

Doryderma  Benetti,  Ifinde  - 

,,         dichotomum,  Benett  - 
Hallirnoa  agariciforniis,  Renett    - 

„       costata,  L(ijn.  &  vars.    - 
Holodictyon  capitatuin,  Uirule    - 
Jerea  Websteri,  aSW.   - 
„     reticulata,  Hiwle 
Jereica  cylindrica,  Ilinde     - 
Kalpinella  pateriformis,  IHnde    - 
Kalpinella  rugosa,  Ilinde    - 
Neniatinion  calyculatum,  Ilinde  - 
PacLypot^rion  compactum,  Ilinde 
„  robustum,  Ilinde  - 

Polyjerea  arbusciila,  Ilinde 

„        lobata,  Ilinde 
Sclerokalia  Cunningtcjiii,  Ilinde  - 
Siphon  ia  tub  pa,  Zitt.  - 
Rnopalospjngia  gregariii,  Iknett  - 
„  obHcjua,  Ilinde  - 

Trachysycon  nodosum,  Ilinde 


Lower 
Sands. 


Rye  HiU 
Sands. 


s 

0          - 

s 
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8 

0     1     - 
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CHAPTER  XVII. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN), 
OF  DEVIZES  AND  THE  VALE  OF  PEWSEY. 

General  Description. 

The  general  structure  of  the  Vale  of  Pewsey  is  similar  to  that 
of  the  V  ale  of  Wardour.  It  is  an  anticline,  with  very  high  dips 
along  the  greater  part  of  its  northern  border  and  low  dips  on 
the  southern  side.  But  as  the  drainage  escapes  through  the 
southern  hills  mstead  of  through  its  eastern  end,  as  in  the  case 
of  the  Vale  of  Wanlour,  the  arrangement  of  the  outcrops  is 
difterent.  The  valley  has  not  been  cut  do\vn  to  so  low  a  base 
level,  and  its  floor  is  occupied  almost  from  end  to  ,  end  by  the 
sands  which  overlie  the  Gault. 

At  its  western  end  these  sands  form  a  high  plateau  which 
bears  several  outliers  of  Lower  Chalk  and  terminates  in  uteep 
slopes  towards  the  west.  Descending  these  slopes  one  passes 
rapidly  over  the  outcrops  of  the  micaceous  sandstone,  malm- 
stone,  and  gault  clay.  1  iie  town  of  Devizes  stands  on  the  edge 
of  this  plateau  at  a  height  of  about  400  feet  above  the  sea. 

The  outcrop  of  the  Gault  does  not,  therefore,  enter  the  Vale 
itself,  but  passes  along  its  western  margin  and  round  the  head  of 
a  valley  which  indents  this  margin  as  far  as  Stert  and  Urchfont. 

Although  general  descriptions  of  the  Gault  and  Greensand 
near  Devizes  were  given  by  Lonsdale^  and  Fitton,^  yet  they  did 
not  distinguish  any  regular  succession  of  beds  in  the  Greensand 
The  first  to  do  this  was  Prof  Ch.  Barrois,'*  who  recognised  the 
micaceous  sandstone  as  the  rock  kno\vn  in  France  by  the  name 
of  gaiz€y  and  correctly  referred  it  to  the  zone  of  Aniimynites 
rostratna.  He  also  separated  the  higher  sands  as  part  of  his 
zone  of  Pecten  as:per. 

The  succession  was  subseauently  described  by  the  present 
writer  in  a  paper  on  the  "  Geology  of  Devizes;"  under  the  heads 
of  (1)  Gault,  (2)  Malmstone,  (3)  Greensands.* 

The  Gault  is  about  90  feet  thick,  and  is  throughout  a  silty, 
micaceous  clay.  Near  the  base  it  is  loamy  and  yellowish  in 
colour,  higher  up  it  becomes  more  argillaceous  and  grey  or  lilac- 
coloured,  with  reddish  layers  in  some  places,  and  the  highest 
part  is  always  dark  grey,  with  much  tine  sand  and  some  small 
glauconite  grains.     Two  zones  can  be  distinguished   m  it,  the 


*  Trans.  Geol.  Soc.  Ser.  2,  vol.  iii.,  p.  268. 

*  Trans.  Geol.  Soc.  Ser.  2,  vol.  iv.,  p.  261. 

'  Recherches  sur  le  Terr.  Cret.  de  rAngleterre,  1876,  p.  59. 

*  Wiltshire  Arch,  and  Nat.  Tli*t  Mag.,  vol.  xxv.,  p.  317,  and  Proc.  Geol. 
Aaaoc.,  vol.  xii.,  p.  254  (1892). 
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lower  beds  being  chftracterised  by  Ammoniten  iixterruptaa.  Am. 
bfiitettianus,  ana  Am.  Bewhuiii,  the  higher  beds  by  Am.  lautua. 
Am.  lubi'rcuhititJ',  iind  Am.  mjilendeits.  It  is  of  special  interest 
to  note  tliat  this  succession  a"rccs  with  that  in  the  Lower  Gault 


of  Folkestone,  and  that  none  of  the  Wiltshire  Gault  corresponds 
with  the  Upper  Gault  of  Folkestone. 

Malmstone  succeeds  the  Gault,  as  in  the  district  previously 
described,  but  is  still  an  earthy  malmstone,  dull  grey  when  wet, 
and  drying  to  a  very  light  grey  like  Chalk  Mart.    Its  thickness 
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seems  to  vary,  probably  from  10  to  16  feet,  but  there  is  no 
exposure  of  tne  whole  dfepth  of  it  at  any  one  place,  and  it  passes 
down  into  sandy  marl  and  upward  into  micaceous  sandstone.  No 
fossils  but  Serpula  ( Vermicular ia)  ccnicavct  and  Avicvla 
gryphceaidea  have  been  found  in  it. 

X he  fine  micaceous  sandstone  into  which  the  malmstone  passes 
only  diifers  from  it  in  containing  less  organic  silica  and  a  larger 
proportion  of  the  inorganic  constituents — quartz,  mica,  and 
glauconite.  It  is,  in  fact,  identical  with  the  rock  which  is  known 
as  "  Gaize  "  in  France.  This  sandstone  has  yielded  a  large  number 
of  fossils,  but  in  weathered  exposures  the  fossils  are  generally 
very  friable.  The  prevalent  Ammonites  are  A'in.  rostratua  and 
Arti.  auritas.  Other  common  fossils  are  Pleitrcnnya  w/indibula, 
CytherecL  plaTia,  Thetw  Sowerbyi,  Cucullcea  carinata  emd  Serpula 
(Venn.)  concava.  Of  this  sandstone  there  is  generally  from  30  to 
40  feet. 

The  upper  part  of  the  sandstone  is  soft  and  friable,  and  passes 
up  into  nne  grey  sands,  which  contain  large  doggers  or  "  burr- 
stones  "  of  calcareous  sandstone ;  above  these  sands  is  a  continuous 
layer  of  hard  darker  grey  calcareous  sandstone,  or  sandy  limestone, 
wnich  has  been  quarried  for  building-stone  at  Potterne,  and  has 
been  called  the  Potterne  rock.^  It  has  yielded  many  fossils,  the 
fauna  being  neai'ly  the  same  as  that  in  tne  sandstone  below. 

All  these  beds  unquestionably  belong  to  the  zone  of  Ammonitea 
ro8tratu8y  and  they  have  a  collective  thickness  of  80  or  90  feet. 

Green  sands. — Above  the  Potterne  rock  there  is,  near  Devizes, 
from  60  to  70  feet  of  glauconitic  sand  (without  mica),  containing 
several  courses  of  greenish  calcareous  sandstone.  These  seem  to 
occupy  the  place  of  the  Green  sands  and  Chert  Beds  of  the 
Warminster  district.  It  is  possible,  however,  that  the  lower 
30  feet  should  be  included  in  tne  zone  of  Aravionitea  roatratua, 
for  these  sands  contain  so  few  fossils  except  small  oysters  and  the 
ubiquitous  Pectin  orbicularis,  that  pala^ontological  evidence 
fails  us.  Locally  there  is  a  convenient  line  of  separation  at  a 
conspicuous  layer  of  calcareous  grit  to   which  large  grains  of 

glauconite  impart  a  speckled  appearance,  and  which  near  Devizes 
es  about  30  feet  above  the  "  Potterne  rock."  This  "  speckled  " 
stone  can  be  identified  at  many  places  to  the  south  ana  east  of 
Devizes,  and  Pecten  aaper  has  been  found  in  it  near  Market 
Lavington.  It  is  true  that  a  single  specimen  of  Amifnoniiea 
roatratua  has  been  found  in  what  seems  to  be  this  bed  at  Stert, 
but  this  may  only  indicate  a  mingUng  of  the  two  faunas  at 
their  Une  of  junction. 

The  general  succession  south  of  Devizes  is  as  follows  : — 

Feet, 

3.    Greensands  with  layers  of  glauconitic  sandstone  -        -    30 

Green  and  grey  sand,  with  beds  of  grey  stone        -        -    30 
2. '  Micaceous  sand   and    sandstone,    passing   down    into 

malmstone 80-90 

1.    Grey  micaceous  marl  and  clay  (Gault)  -        -        -        -    90 

*  Proc.  Geol.  Assoc,  vol.  xii.,  p.  257. 
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StRATIORAPHICAL   DETAIIii. 

Grault. 

There  is  a  brickyard  near  West  Fanii,  about  a  mile  north-west 
of  Market  Lavington,  in  grey  micaceous  clay,  which  is  appaiH^ntly 
well  suited  for  making  into  tiles  and  flower-pots,  but  the  only 
fossil  seen  was  Natica  Genii 

A  better  section  is  that  in  the  Caen  Hill  brickyard,  west  of 
Devizes,  where  the  following  beds  were  visible  in  1888  : — 

Feet 

Soil  and  made  ground       .        - 3 

Bluish-grey  clay       -        -        -        -        -        -        -        -        -      4 

Layer  of  yellowish  ferruginoiLs  conci-etions      -        -        -        -      i 

Dark  lilac -coloured  micaceous  clay  with  scattered  septarian 
phosphatic  nodules  from  the  size  of  a  walnut  to  that  of  a 
cocoanut       .-. 15 

23 

Fossils  are  not  common,  but  fragments  of  Am,  interruptus 
occur  in  the  clay  and  in  the  concretionary  la3'er.  Mr.  W. 
Cunnington  has  also  obtained  the  following  : — 

Ammonites  Ifeudanti.  Nu(?ula  luvirgata. 
Rostellaria  carinata.  „      capsiefonnis. 

Cucullaea  carinata.  „      ovat«. 

Cardita  su.  „      pectinate. 

Pecten  oroicularis.  Trochosniilia  sulcata. 

Inoceramus  sp.  Serpula  concava. 

There  is  another  pit  (not  now  worked)  on  the  road  from 
Devizes  to  Rowde,  which  may  be  in  slightly  lower  beds  than 
those  seen  at  Caen  Hill.     The  clay  here  contjiins  much  selenite. 

There  was  formerly  a  brickyard  at  Dunkirk,  on  the  same  road, 
but  just  below  the  base  of  the  Malmstone,  and  I  am  informed 
by  Mr.  W.  Cunnington  that  the  clay  dug  there  was  grey,  marly  and 
shaly,  and  that  he  had  obtained  the  foflowing  fossils  from  it : — 

Ammonites  lautus.  Lima  parallela. 

„  splendcns.  Inoceramus  sulcatus  (rare). 

„  tuberculatus.  „  concentricus. 

Natica  Qenti.  Pecten  orbicularis. 

Cuculla^  carinata.  Pinna  tetragona. 

Avicula  sp.  Ostrea  vesicularis. 

Exo^ra  naliotoidea.  Pleuromya  mandibula. 

Cardita  sp.  Trigonia  Fittoni. 

Upper  Greensand  (Devizes  Beds). 

A  good  section  of  these  beds  can  be  seen  in  an  old  pit,  now 
the  garden  of  some  cottiiges  on  the  eastern  side  of  the  high  road 
about  a  mile  N.W.  of  Lavington,  the  section  seen  in  1888  being 
as  follows : — 

Feet, 

Sandy  soil         - 2 

Soft  yellowish  grey  micaceous  sandstone 10 

Hard  grey  calcareous  malmst(»nc      ------       i 

Softer  grey  sandy  malmstone,  seen  for     -        -        -        -        -      5 
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In  the  sandstone  Ammonites  (turitus,Pl€uromy((  mundibula, 
and  Thetis  Slowerbi/i  were  found. 

In  the  long  .road-cutting  descending  the  hill  to  the  southward 
higher  beds  are  seen,  the  succession  being  as  follows : — 

Feet. 
4.  Hard  glauconitic  calcareous  sandstone,  whitish,  speckled 

with  green  grains       .-..-.--      i 
3.  Green  and  grey  laminated  sands  with  whitish  T>ipings        -    30 
2.  Hard  grey  fine-grained  sandstone,  Pottcrne  rock-bed  -        -      Ij 
I.  Fine  grey  sands  with  Ostrea  vesiculosa,  about     -        -        -    30 

over  60 

The  lamination  and  current-bedding  of  the  sands  (No.  3)  are 
very  marked,  the  green  layers  being  darker  from  the  larger  pro- 
portion of  glauconite  grains,  and  some  of  the  beds  are  laminated 
obliquely.     I  did  not  hnd  any  fossils  in  them. 

The  speckled  sandstone  is  that  which  has  been  mentioned  on 
page  251  as  probably  the  base  of  the  Peden-aaper  zone. 

More  complete  sections  of  the  malmstone,  micaceous  sand- 
stone, and  grey  sands  can  be  seen  in  Fiddington  Lane  and  the 
lane  west  of  W  ickham  Green,  which  are  both  deeply  cut  through 
the  escarpment  fonned  of  the  outcrop  of  the  sandstones.  There 
are  also  good  sections  in  the  deep  cut  lanes  at  and  near  the 
village  of  Urchfont,  where  CitcuU<e(t  carlvata  and  Cytherca  jdana 
are  not  uncommon ;  the  sandstone  is  also  exposed  to  the  east  of 
Stert,  and  Prof  Barrels  got  many  fossils  there. 

Near  Potterne,  south  of  Devizes,  there  are  also  many  road- 
cuttings  which  give  good  sections  of  the  sandstone,  as,  for 
instance,  in  the  lane  to  Potterne  Wick,  where  nearly  40  feet  can 
be  measured,  and  in  Stroud  Lane,  east  of  the  village.  The  out- 
crop of  the  Potterne  Rock  is  visible  at  the  top  of  Stroud  Lane, 
and  can  be  followed  along  the  road  which  leads  thence  to  Pot- 
terne ;  it  was  formerly  dug  in  a  field  north  of  Bloimt's  Court 
Farm,  and  many  fossds  were  obtained,  some  of  which  are  in  the 
Devizes  Museum,  and  others  in  the  collections  at  Jermyn  Street 
and  South  Kensington. 

Passing  from  Potterne  to  Devizes  (Fig.  70),  an  excellent  section 
is  afforded  by  the  road-cutting  up  the  hill  to  Devizes.  At  the 
bottom  of  this  hill  and  near  the  lodge  at  the  entrance  to  Broad- 
leas  is  a  small  pit  hi  tough  grey  malmstone  containing  Avieula 
gryphcvoides  and  Serpula  (  Verm.)  concava.  At  the  beginning  of 
the  road  cutting  sandy  malmstone  is  seen,  and  a  little  above^ 
there  is  a  continuous  section  showing  first  soft  yellowish 
micaceous  sandstone  containing  large  round  calcareous  '*  burr- 
stones."  The  upi)er  part  of  this  sandstone  has  a  yellowish-^een 
tint,  and  rapidly  passes  up  into  soft  greenish-grey  sand  containing 
more  glauconite  and  less  mica  than  the  sanclstone  below :  of  this 
sand  there  is  about  4  feet,  and  it  is  succeeded  bv  a  hard  dark- 
grey  calcareous  rock  which  forms  a  continuous  course  from  18  to 
20  inches  in  thickness.     This  is  the  Potterne  rock. 

*  The  lower  and  more  fossiliferous  part  of  the  sandstone  a;j» ci'-s  to  be 
overgrown  and  concealed. 
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Above  the  Potterne  rock  comes  greenish-grey  sand  with  whitish 
pipmgs  and  mottlings  for  about  20  feet,  then  a  course  of  cal- 
careous doggers,  succeeded  by  about  10  feet  of  bright  greensand. 
Above  this  Hes  a  nearly  continuous  course  of  hard  sandstone 
about  a  foot  thick,  light  grey  in  colour,  speckled  with  large  grains 
of  green  glauconite  and  traversed  by  many  long  stem-like  bodies 
resembling  stems  of  Siphon  ice.  This  is  the  same  bed  as  that 
seen  in  the  cutting  near  Lavington. 

Good  sections  of  the  fossiliferous  sandstone  were  exposed 
when  the  railway  was  made  and  when  the  Caen  Hill  road  was 
cut  west  of  Devizes,  but  those  are  now  overgrown.  It  may,  how- 
ever, bo  examined  on  the  road  to  Dunkirk,  where  I  obtained 
Amvimiites  rostratus,  Am.  varicoaus,  Pleiironiya  mandibiday 
and  other  fossils. 

The  following  list  of  fossils  from  the  micaceous  sandstone  at 
and  near  Devizes,  and  from  the  grey  rock  of  Potterne  is  based 
on  the  collections  at  Devizes  and  at  Jermyn  Street.  The  fossils 
in  the  former  were  named  by  me,  those  in  Jermyn  Street  by 
Mr.  Newton : — 


Devizen 
G.i.ze. 

1 

Potterne 
liock. 

1 

Gaize  of 

France. 

Pisces. 

I 

i 

1 

Liamna  appendiculata,  Ag.    - 

X 



1 

X 

Oxyrhina  sp.         -        -        -        . 

X. 

- 

- 

Prot08phyra3na  ferox,  Leidy. 

* 

— 

Cephalopoda. 

Belemnitella  sp.   - 

X 

mm^ 

? 

Nautilus  clement inus,  dOrh. 

X 

— 

X 

„     deslongtjhampsianuSjrf^O?*^. 

X 

— 

— 

„        elegans,  Sow. 

X 

_ 

— 

„        Fittoni,  Sharpe     - 

X 

— 

] 

„        seuiiundatus,  Foord 

X 

— 

— 

„        sublaevigatus,  d^Orb. 

X 

— 

X 

„        undulatus,  Sow.    - 

X 

X 

- 

„        ventroplicatus,  Foord  - 
„        (mandibles  «  llhynclio- 

X 

— 

_ 

X 

— 

teuthis) 

-• 

Ammonites  auritus,  Sow. 

X 

X 

X 

„            „    var.  catillus,  Sow. 

X 

X 

X 

„          denarius,  Sow.  - 

X 

— 

— 

„          cf.  Deshayesi,  Leym. 

— 

X 

— 

„         Goodhalli,  Sow. 

X 

— 

— 

„          hugardianus,  d^Orh.  - 

X 

— 

— 

„          interruptus  ?,  Bru<j.^ 

X 

— 

— 

„          planulatus,  Sow. 

X 

•  - 

-• 

„          renauxianus,  dOrb.  - 

X 

— 

X 

„          rostratus,  Sow.  (  =  in- 

X 

X 

X 

flatus) 

*  Mr.  E.  T.  Newton  informs  me  that  there  are  two  specimens  in  the 
Jermyn  Street  Museum  which  seem  to  be  referable  to  this  species,  though 
they  are  more  or  1^)  crushed.  They  differ  from  A.  splendens  and  A.  aenarius. 
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Devizes 
Gaize. 


Potterne 
Rock. 


Graize  of 
France. 


(JeplwXopoda — cont. 

Ammonites  splendens,  Sow. 
„  varicosus, /S'ott'.  - 

Anisoceras  arraatus,  how.     - 
„         alteraatus  ?,  Mant. 
j^         tuberculatus,  Soia. 
Hamites  desorianus,  Fict.     - 
„        elegans,  Park. 
V         ^P'  -         -         . 

Helicoceras  rotundus,  Sow. 
Tozoceras     -        -        -        - 


Gasteropoda. 

Actaeon  affinis,  Sow.     - 
Acmsea  tenuicosta,  cTOrb.     - 
Aporrhais  calcarata,  Sotv.     - 
„         Cunningtoni,  Gard. 
„         histochila,  Gard. 
fj         retusa,  aSow. 
Crftpidula  gaultina  ?,  Buv.    - 
Dentalium  medium,  aSow.     - 
„         divisienae,  Gard. 
Emarginula  Qresslyi,  F-  &  C. 
„  divisiensis,  Gard. 

Fusua  clathratus,  aSow. 
Narica  cretacea,  d'Orh. 
Natica  Qenti,  Sow.  ( = canaliculata) 
Pleurotomaria  Greppini,  P.  k  C. 
„  perspectiva  ?,  Mant. 

„  sp.   -        -        .        - 

Puncturella  antiqua,  Gard.  - 
Pyrula  Brighti^  Sow.     - 
Scalaria  dupiniana,  d!Orh.    - 

„     rauliniana,  dOrb. 
Solarium  ornatum,  Sow. 
Turbo    pictetianus,    d'Orb*   (  =  T. 
nodosa,  Seeley). 

Turbo  sp. 

Turritella  granulata,  Sow.    - 

Lamellibranckiata. 

Anomia  laevigata,  Sow.-    '    - 

„        radiata,  Sow.   - 
Anatina  (cf.  royana,  dOrb.) 
Area  Qalliennei  ?,  (TOrb. 

sp.  (cf.  ligerisnsis,  d'Orb.)    - 
pnoladiformis  ?,  dOrb. 
(Cucullsea)  carinata,  iSow.    - 
„  glabra,  Panrh.     - 


»* 


»i 


Avioula  grjphseoides,  Sow. 
.,        rauliniana,  dHOrh,    - 
„        sp.  •        •        -        - 

Cardmm  ^ntianum.  Sow.    - 
,,       hillanum,  S(m. 

Cftmit«^  duplnkna  (?),  d'Or*^. 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 


X 
X 
X 
X 
X 
X 


X 

X 

X 


X 
X 
X 


X 


X 
X 


11 


»<  *J« 
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X 
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Ja 
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Devizes 
Gaize. 

Potterne 

Gkiize  of 

llock. 

France. 

I 

LaTnellidranchiaUi—cont 

• 

1 
1 

Cyprina  angulata,  Flem. 

1 

1                X 

— 

„        quaclrata,  (TOrb.     - 

X 

— 

„        regularis,  (TOrb. 

X 

— 

»j        sp. 

X               ' 

— 

Crassatella    sp.  (cf.    Querangeri, 

X                                _                            - 

cPOrb,) 

1 

1 

Cytherea  plana,  Sow,    -        -        -  • 

X                              X               '              X 

„         truncata,  Sow, 

X                          -            ,            - 

ExQgyra  haliotoidea,  Soiv.    - 

X                           -                        X 

„        conica,  Saw,    - 

X        i         X        ,        - 

Geryillia  rostrata,  Soio.  ? 

X                        -                     - 

Goniomya  vilbersensis  1,  P.  <(:  (7.  -  ; 

X 

,                                                                                 1 

^       »         sp.       -        -        -        -  1 

X       ;        -       !       - 

Inoceramus  concentricus,  Park.   - 

X                         X            1            - 

„            (several  species)         -  , 

V                          X             '            - 

Isocardia  craasicornis,  cVOrb.        -  i 

X 

„        cryptoceras,  (TOrb. 
Leda  (Nuculana)  solea.  dOrb. 

X              1               -                         X 

1 

X                          - 

Lima  Archiacanii,  C.  dr  Jh\  - 

X                            -                         X 

„     cf.  alV>ensis,  cVOrb, 

X                             X 

„     Galliennei,  dOrb. 

X 

„     parallela,  (TOrb.  (non  Sow.)  - 

-                              X               ,              X 

„     semisulcata,  Sow, 

X 

— 

„     new  sp.        - 

X                1 

— 

Lucina  lenticularis  (?),  Gold/. 

X               '               X 

1 

? 

„      tenera,  Sow, 
Modiola    ligeriensis,    d!Orb,    (or 

^         i 

— 

X                              X 

- 

reversa,  Sow,), 

1 
1                                  1 

„        sp.  (not  sequalis) 
„        sp.  (diversely  striated)     - 
Mytilus  suiqua,  dOrb,  - 

^           i 

1 
1 

X        ! 

1 

X               1                X 

1 

Nucula  ovata,  Mant,    - 

X 

„       pectinata,  Sow, 

•  ^      ,       -      '■      " 

Ostrea  canaliculata,  Sow. 

X            ]              -                       X 

„      frons,Pa?*^.(=carinata,*5ot«;.) 
„     vesiculosa,  Sow, 

►IX           -     :     - 

X               i               X                             X 

1 

„     vesicularis,  Sow, 

X                         -                      - 

Pecten  orbicularis,  Sow, 

X 

X 

X 

„      raulinianus,  dOrb,    - 

X 

V 

X 

X 

,1      sp. 

„      ^Neithea)  4-costatus,  Smo, 
„      (       „      )  5-costatus,  Sow. 

X 

X 

— 

X 

X 

X 

Perna 

i               X               1 

— 

Periploma     -        -        .        -        - 

X      ; 

— 

Pinna  decussata  ?,  Gold/, 

X 

1                                                                                 1 

— 

„      tetragona.  Sow.  - 

1X1.- 

X 

Pleuromya  mandibula.  Sow,  - 

X              1               X 

X 

„        plicata.  Sow.  - 

„        Khodani,  P,  d;  Px. 

X                      X          i          X 

X           1             -           1           - 

Plicatula  pectinoides,  Sow.   - 

X               ■               X 

X 

Pholadomya 

;                X                '                 - 

— 

Siliqua  moreana.  Buv,  - 
Sphaera  sp.  (Corois) 
Tellina  ina^qualis,  Sow, 

X 

X 

1               X 

— 

X 

— 

- 

„      striatula.  Sow.  - 

1 

X 

— 

— 

Thetis  Sowerbyi,  Earn, 

X                             X 

1980. 


R 
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[.•iiitellUnii  Hrh  iVr  fat  — tui  it. 

ThifkcJa  «p.   - 

Trigouia  alifonnis  /*'('*■ 

„        carinata,  An.  ■ 

„       epmofla,  P-itl: 

„         Bcabricola,  Li/<: 
Unirai-diuiii  ringuierit-iiw,  M'iNt. 
VenuB  fabft,  S'nt.  ■ 

„     inimenui,  Sow.    - 

„      Dvulis  !,  Sow. 

„      rotomageiisiit  f,  dOi-l'. 


it)iyncl)on(^llti  mi.  - 
Ttrubratula  ljii>licatjt,  Sotr:  - 
„  u\'atii,  l<oie. 


Ceriopom  polymnrjJia,  GolJf. 


Heteropora  -  -  -  - 
PctAloimra  imlchclla,  Riim.  - 
Radioporn  [nistQlosa,  d!Orh.  ■ 

Cnitl^nxn. 

PolliiipeH  riKiilms  ■"''o'"- 
Hopluiiarui  graiiulomi,  fltU  - 
„  Saxliyi,  MeCfj  - 

Ncabra,  Hell 


Serinila  pkxiw,  Sim    .- 

(Vonii  i  I  ift)  ai  1 1  iiul  lawii,.SV-« 
(Vt-niiicnfaria)       iinirava 


EdiiniKirrmnUi. 
Canliaster  fosnarina  ',  Jtrnelt. 
.,  latinniiuus,  Aff. 

„  «p.  (I  Perezii,  Sieni.)     - 

£i'liinuri|fataguii     murchi^oniatuiH, 
Mint. 
„  Quensteclti,  Wrighl 

HciuiaHtcr     -        -        -        - 
Holaster  laivis,  de  Lur. 


__ 


'  Tho  (XKurrence  of  tliia  in  theae  beds  is  doubtful. 
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Although  I  fiiUy  agree  with  Prof.  Barrois  that  the  Gaize  of 
Devizes  is  on  the  same  stratigraphical  horizon  as  the  Gaize 
of  Argonne,  the  number  of  species  which  are  known  to  occur 
in  both  is  nmch  smaller  than  one  would  have  expected.  The 
list  of  Devizes  fossils  above  given  contains  132  named  species. 
Dr.  Barrois'  lists  from  the  Uaize  and  nodides  of  Talmats  and 
of  Marlemont  include  125  named  species;  yet  only  44  occur 
without  doubt  in  both  lists.  This  may  to  some  extent  be  due 
to  diverse  identifications,  but  there  arc  certainly  a  large  number 
in  each  list  which  do  not  occur  in  the  other  deposit ;  and  the 
figures  show  the  danger  of  trusting  to  percentages,  for  the 
two  faunas  are  connected  only  by  about  one-third  of  the  species 
in  each. 

Zone  of  Pecten  asper  and  Cardiaster  fosaarius. 

The  speckled  sandstone  above  described  is  not  confined  to  tlie 
immediate  neighbourhood  of  Devizes,  but  can  be  identified  at 
many  places  to  the  southward  and  south-eastward.  '  It  can  be 
seen  in  the  lanes  between  Lavington  and  Easterton,  where  Pecten 
asper  has  been  found  in  it,  and  in  the  main  road  north-east  of 
Eastcott. 

It  is  everywhere  overlain  by  beds  of  sharp  glauconitic  sand, 
the  grains  of  quartz  and  glauconite  being  larger  than  those  in  the 
underlying  sands,  and  Uiose  of  quartz  more  angular.  Mr.  W. 
Cunnington  informs  me  that  the  remarkable  sponge  Phymatelln 
nodosa  was  obtained  from  the  sands  near  Lavington. 

The  higher  part  of  the  village  of  Urchfont  stands  on  these 
sands,  and  a  good  section  of  the  very  highest  beds  can  be  seen 
in  the  lane  which  leads  up  to  Urchfont  mil  south  of  the  village. 

This  exposure  was  described  by  Prof.  Barrois  ^  in  1876,  but  I 
find  myself  obliged  to  differ  from  his  account  in  several  impor- 
tant particulars.  He  saw  a  "  deep  and  clear  plane  of  erosion " 
(ravinement)  where  I  see  only  a  colour  line,  and  he  makes  the 
dip  seven  degrees  instead  of  about  three  degrees.  Tlie  sands  are 
shown  in  several  small  pits  on  the  east  side  of  the  road.  At  the 
top  of  the  highe/jt  of  these  is  a  hard  calcareous  grit  or  sandstone, 
consisting  of  large  grains  of  quartz  and  glauconite,  cemented  by 
calcite  and  penetrated  by  cylindrical  bodies  like  Siphonia  stems : 
it  also  contains  Pecten  asper. 

Below  this  rock  are  five  feet  of  sharp  greenish-grey  sand, 
enclosing  at  the  top  lenticidar  lumps  of  hard  whitish  siliceous 
stone.  The  soft  sand  rests  on  a  layer  of  large  "  doggers  "  of 
calcareous  sandstone,  consisting  of  the  same  sar.a  {i.e.,  quartz  and 
glauconite),  cemented  by  calcite  and  containing  many  Pecten 
a^'fper.  These  "  doggers  "  are  so  close  to  one  another  as  to  form 
an  almost  continuous  laver,  and  about  a  foot  lower  is  another 
course  of  similar  masses,  Tbut  more  distant  from  each  other;  these 
are  embedded  in  sand  which  is  partly  light  green  and  partlv  dark 
green,  the  dark  green  running  tnrough  both  soft  sands  anci  hard 
stones  for  about  twenty  feet,  but  thinning  out  towards  the  north. 
Its  base  is  clearly  marked  and  slightly  undulating,  and  this  is 
the  "  ravinement  *  described  by  Barrois,  but  it  is  omy  a  current- 

^  Recherches  sor  le  Terrain.  Cret.  Sup.  en  Angleterre,  <S:c.,  p.  60. 
1980. 
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bedded  layer  containing  more  glauconite  than  the  sand  above 
and  below. 

The  second  and  lower  pit  shows  about  five  feet  of  sharp  ^ej 
sand  containing  more  quartz  than  glauconite,  and  below  this  is 
another  course  of  hard  "  doggers/'  The  complete  succession 
here  is  therefore  as  follows : — 

Chloritic  Marl  (well  exi)osed).  Feet 

Hard  glauconitic  sandstone 1 

Soft  greenish-grey  sand 5 

Doggers  of  glauconitic  sandstone    -        -  -        -        -        1 

Greenish-grey  sand  with  a  layer  of  dark-green  sand  near  the 

top,  running  partly  through  doggers 2 

Green  sands  with  two  layers  of  large  sandstone  doggers  -  10 

From  these  upper  green  sands  near  Devizes,  small  exposures 
of  which  have  been  laid  open  from  tune  to  time,  the  following 
fossils  have  been  obtained  : — 

A  compound  coral.  Terebratula  biplicata. 

Catopygus  columbarius.  Exogyra  conica. 
Holaster  Isevis.  „      vesiculosa. 

Cardiaster  fossarius.  Lima  semisulcata. 

Rhynchonella  dimidiata.  Pecten  asper. 

„  grasiana.  Nautilus  deslongchampsianus. 

So  far  as  I  can  learn  Pecten  asper  has  not  been  found  at 
Devizes,  thourfi  it  is  common  to  the  south  and  also  eastward  in 
the  Vale  of  rewsey,  another  instance  of  the  local  and  partial 
distribution  of  this  Pecten. 

Another  good  section  of  the  upper  part  of  the  greensand  is 
exposed  in  tne  railway-cutting  at  Stert,  two  miles  S.E.  of  Devizes, 
and  is  important  as  showing  a  great  local  diminution  in  the 
highest  sands.^ 

The  western  part  of  the  cutting  is  in  greensand,  but  about  the 
middle  a  fault  crosses  the  line  and  brings  in  the  base  of  the 
Chalk  Marl  from  beneath  which  the  sands  with  four  layers  of 
calcareous  sandstone  rise  eastward  at  an  angle  of  about  7°.  Fig.  71 
shows  this  part  of  the  section  and  is  based  on  a  drawing  made 
by  Mr.  Codrington  when  the  cutting  was  fresh  and  the  fault- 
planes  more  clearly  exposed.  Between  the  faults  and  the  bridge 
the  descending  succession  is  as  follows : — 

Ft.  In. 

Chalk      -     ^  Chalk  Marl    -        -        -        -        -        - 

'    \  Chloritic  Marl  with  many  phosphatic  nodules       *    4    0 
(  Light  greensand,  calcareous  aoove,  clean  below, 

with  Fecten  asper 60 

Course  of  rounded  masses  of  glauconitic  stone 
Glauconitic  sand,  no  fossils  seen    -        -        about    8    0 
Continuous  layer  of  sandstone,  one  Am.  rostrattts 
found         -        -        .        -                -         about    1    0 
<   Glauconitic  sand  with  a  layer  of  Ostrea  vesicu- 
losa            about  14    0 

Course  of  large  rounded  doggers  of  glauconitic 

sandstone 09 

Soft  greensand 10    0 

Course  of  doggers,  as  before  -        -        -       -        -    0    9 
1,  Soft  grey  sand,  passing  under  the  bridge 

44    6 
*  See  also  Summary  of  Progress  of  Geological  Survey  for  1898,  p  187. 


Upper 
Greensand 
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Assuming  the  continuous  layer  of  sandstone  with  Am. 
roatratus  to  l>e  the  speckled  sandstone  of  Devizes  and  La vington, 
the  beds  above  are  here  about  half  their  normal  thickness. 

Eastward  up  the  Vale  of  Pewsey  the  best  sections  have  lx*en 
those  afforded  l)y  the  railway-cuttint(s.  The  original  cuttings  (»n 
the  line  between  Savcrnake  and  Devizes  were  examined  and 
described  by  Mr.  T.  Codrington  in  1805;^  and  the  fresh  exposures 
made  by  the  widening  of  these  lines  in  1898  have  been  carefully 
noted  and  measured  by  my  colleague,  Mr.  F.  J.  Bennett.  The 
following  account  of  the  principal  cuttings  has  been  compiled 
from  the  information  obtained  by  both  observers. 

East  of  Stert  the  tirst  cutting  of  any  importance  is  that  east 
of  Woodborough  Station.  Of  this  Mr.  Bennett  remarks  that  it 
is  a  mile  and  a  half  long,  but  nowhere  more  than  10  feet  deep ; 
it  traverses  a  low  anticline  the  western  slope  of  which  very  nearly 
coincides  with  the  slope  of  the  groimd,  and  its  axis  is  nearly 
north  and  south.  In  the  middle  of  the  cutting  the  beds  soon 
are  as  follows : — 

Feet. 
Qreensand,  weathering  grey,  mottled  with  rings  and  streaks 
of  whitish  marly  sand,  and  including  two  thin  layers  of 
cherty  siliceous  stone  enclosing  glauconite  grain.s,  each 

about  3  inches  thick 7 

Two  layers  of  large  doggers  of  whitish  calcareous  sandstone 
speckled  with    large  grains  of   glauconite,  sometimes 

merging  into  one  layer 2to2j 

Greensand  below. 

Pecfen  amwr  occurred  frequently  in  and  between  the  large 
doggers,  wnich  may  possibly  represent  the  *'  speckled  rock  "  of 
Devizes. 

Mr.  Codrington  says  that  the  beds  in  tliis  cutting  seem  to  be 
from  20  to  30  feet  "below  the  base  of  the  Chalk  to  the  north. 
They  pelded  many  sponges  when  the  line  was  made,  the  lobed 
forms,  ^uch  as  HhIHi'Ikki  cofttafu  and  H.  Oijarlcifonuis^  being 
common  here  but  rare  at  Savernake,  while  the  forms  which 
were  common  at  Savernake  were  rare  here.  ''  Funnel-slin{>ed 
sponges  like  Chenftndojxnu  suhphna,  Mich.,  and  Ch,  exjHintftt, 
Ben.,  are  coiiunon,  some  of  them  being  as  mucli  u&  18  mches 
across."  He  also  obtained  the  following  species  from  this 
cutting: — Pecfen  af<pei\  P.orbindaris,  ExiKjyisi  anxirn,  Holatfier 
IcBvis  ?,  and  Serpuht  (Vennlcularia)  concava. 

The  cutting  at  New  Mill  (2  miles  N.E.  of  Pewsey  Church) 
yielded  Ostrea  vesiculosa,  Exogyra  conica,  Neiihea  (juadricostata, 
RhynchoncUa  compressa  {  =  covvexa,  Sow.),  teeth  of  Lamna,  and 
pieces  of  coniferous  wood  (Codrington). 

The  cutting  west  of  Savernake  Station  seems  to  have  exposed 
lower  beds,  from  which  Mr.  Codrington  probably  obtained 
NaxdiliLs  elegaii8,  Ammonites  roHtratm,  and  some  others  of 
the  list  given  by  hun  and  quoted  below  as  from  Savernake. 

These  beds  must  have  dipped  eastward  beneath  those  exposed 
in  the  cutting  ea^t  of  the   station  which   jdelded   many  fossil 

\  "  The  Geology  of  the  Berks   and  Hants  Extension  and  Marlborough 
Railways.      Mag.  Wilts.  Arqh,  and  Nat.  Hist.  Soc.,  vol.  ix.,  p.  167. 
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spongOvS  belonging  to  the  genera  Chenendopora,  Polypothecia^ 
and  Jerea,  with  a  few  specimens  of  Siphonia  pyrifoi^nis 
(=  tvlipa)  ^nA  Ilallirhoa  costata.''  The  sponges  seemed  to  be 
most  plentiful  at  from  25  to  80  feet  below  the  top  of  the  Upper 
Greensand,  and  to  the  westward  of  the  station  very  few  occurred." 
(Codrington.) 

Mr.  W.  Cunnington  informs  me  that  the  sponges  from  this 
cutting  included  the  rare  Carterella  cylindricd,  and  that 
Pachypoterion  roh  upturn  abounded  in  great  variety  of  form. 

The  line  from  Savernake  to  Andover  runs  across  the  eastern 
end  of  the  Pewsey  anticline,  and  new  cuttings  for  a  second  line 
of  rails  were  made  in  1898.  These  were  examhied  by  Mr. 
Bennett,  who  contributes  the  following  particulars  and  the 
sketches  for  Fig.  72,  the  fossils  found  bemg  sent  to  me  for 
determination. 

The  first  cutting  north  of  Grafton  shows  a  series  of  beds 
dipping  southward,  the  highest  of  which  cannot  be  many  feet 
below  the  Chloritic  Marl.  At  the  southern  end  the  dip  is  about 
2J°  to  the  south,  but  this  decreases  northward  till  at  the  northern 
end  the  beds  are  nearly  horizontal  (see  Fig.  72).  In  the  next 
cutting  the  same  beds  are  seen  again,  but  they  dip  to  the 
north  at  about  3**.  The  thickness  of  the  beds  changes  somewhat 
in  passing  from  one  cutting  to  another,  and  tney  may  be 
correlated  as  follows  : — 


2nd 
Cutting. 


a.  Gr3enish-^rey  sand  \nth  small  lumps  of  chert ;  Pecten 
aspa\  P.  orbicularis^  Lima  stmisulcata,  Ilamites 
simple jr^  and  Aminonites  (fragment  like  splendens) 

1.  Whitish  calcareous  sandstone  with  little  glauconite  ; 

AvicttJa    (/n/phftoffJes,  Pecten  {Neithea)  b-costatuSy 

and  Discoidea  subuculus 

h.  Greyish  sand  with  Pecten  asper  and  Discotdea 
subuculus 

2.  Layer  of  dull  grey  chert,  compact,  opaque,  with 

Avicida  gryphceoides  and  Pecten  asper  - 
c.  Greensand  with  doggers  of  sandstone  ;  P.  a»per 

3.  Doggers  of  hard  greenish-grey  sandstone  and  some 

ch«rt 

c?,  4,  k  e.  Yellowish-grey  glauconitic   «ind   with  three 

layers  of  sandstone  doggeis  ;  ^Serjmla  concava 
fi.  Course  ()f  hard  sandsto  le  doggers     -        .        .        _ 
/   Yellowish-grey  sand  w^ith  ferruginous  nodules  - 

6.  Doggers  of  comjuu^t  cherty  stone        .        -        .        _ 
g.  Fine  greenish-grey  sand  mottled  witli  lighter  streaks 

and  patche.s,  a  few  small  i)hosphatic  nodules 

7.  Soft  mottled  sandstone,  Avicula  gn/phceotdes  and 

Pecten  orbicularis  -        -        -        -'       - 

h.  Fine  greenish-grey  sand,  mottled  as  above.  Ammonites 
rostra  tits         - 


Feet, 


Feet, 


8 


1 
?3 


1 
6 


7* 

'4 


1^ 


8 
1 


1 

3 

1 

9 

8 

2 

1 

4 

1 

37| 

39 

The  three  lowest  beds,  //,  7,  and  h,  may  certainly  be  regarded  as 
belonvin^  to  {]w  zon(^  of  Aiavionitps  roMnitus,  but  where  the 
top  01  this  zone  shoidd  be  placed  is  doubtful 
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The  following  is  a  list  of  the  fossils  found  by  Mr.  Codrington 
in  the  Greensand  of  Pewsey  and  Savemake,  with  some  corrections 
of  his  nomenclature.  The  sponges  are  in  the  Devizes  Museum, 
and  for  a  list  of  them  (in  modern  nomenclature)  I  am  indebted 
to  Mr.  W.  Cunnington : — 


a; 

• 

S'^ 

^ 

•  r^ 

£  fl  bl. 

.  pd 

Savema 

if 

Milkhoi 

Water  a 

Pewse] 

Wood 
boroug 

Orbitolina  concava     -        -        -        - 

X 

X 

X 

Carterella  cylindricA  .        -        -        - 

X 

• 

— 

Chenendo|)ora  Michelini    - 

X 

— 

— 

X 

Dorydeniia  Benettise- 

~" 

~" 

— 

X 

„          raniosuin 
Hallirlioa  agariciformis 

— 

— 

— 

X 

— 

— 

— 

X 

„         costata       -        .        -        - 

X 

. 

— 

X 

Holodictyon  capitatum 

"" 

• 

X 

Pachypoterion  compactuiu- 

— 

— 

— 

X 

„             robustuiii    - 
Rhopalospongia  gregaria    - 

X 

— 

— 

— 

— 

— 

X 

Siphonia  tulipa          -        -        -        . 

X 

— 

— 

• 

Serpula  (Vermicularia)  concava 
Holaster  planus  [=186 vis]  - 

X 

__ 

X 

X 

— 

— 

X 

_ 

Discoidea  subuculus  -  •     - 

X 

— 

_ 

^ 

Terebratula  biplicata         .        -        . 

X 

— 

— 

— 

Khynchonella  compressa  fconvexa]    - 

„            latissima  [dimidiataj  - 

Gibbsi  [?Schl(]enbachi] 

— 

X 

— 

— 

X 

— 

-> 

_ 

X 

— 

— 

— 

Exogyra  conica 

_ 

X 

_ 

X 

Ostrea  vesiculasa       -        -        .        - 

X 

— 

— - 

„      carinata[=fronsl    - 
Lima  Hoperi  [=globosaJ  - 
„     dupiniana   =8emi8ulcata] 

— 

— 

X 

.^ 

X 

— 

— 

— 

X 

— 

- 

— 

Pecten  asper      -        -        -        -        - 
„      oroicularis      -        - 

'          X 

- 

X 

X 

1 

— 

— 

X 

„      (Neithea)  ouadricostatus 
Plicatula  i)ectinoides  -        -        -        - 

X 

X 

X 

— 

— 

— 

Cardium  siiheroideum 

*" 

X 

,1^ 

Pholas  coustricta        -        -        -        - 

X 

_ 

lladiolites  Mortoni     -        -        -        - 

- 

— 

X 

.^ 

Ammonites  rostratus  -        -        -        - 

X 

— 

,.• 

_^ 

„          Mantelli  -        -        -        - 

X 

— 

— 

— 

„          varians    -        -        -        - 

X          1 

— 

_ 

Nautilus  elegana        .        -        -        . 

X 

—             j 

— 

„        simplex  [?  expansus]   - 

X 

—           1 

X 

-. 

I»elemnites  minimus  -        -        -        - 

1 

—             ! 

X 

_  . 

Turrilites  tuberculatus 

i 

X 

— 

CHAPTER   XVni. 

GAIJLT   AND   UPPEK   GREEXSANI)  (SELBORX[AN) 
IN   NORTH   WILTSHHIE  AND   BERKSHIRE. 

Genehal  Deschutiox. 

Northward  from  Devizes,  the  outcrop  or  hasset  surface  of  the 
Gault  and  Greensand  passes  to  the  east  of  Cahie ;  thence  it 
curves  north-ejistward,  and  passinji^  to  the  south  of  Swindon  it 
finally  runs  eastward  through  Herksliire.  In  North  Wilts  the 
breadth  of  ground  occupied  l>y  the  fonuation  is  small,  but  in 
Berkshire  the  beds  increase  in  thickness  and  spread  out  over  a 
much  wider  tract  of  ground. 

A  general  description  of  the  Gault  and  Greensand  along  this 
part  of  their  outcrop  wfts  given  in  the  Survey  Memoirs  on  Sheets 
34  and  13  of  the  old  series  of  maps,  but  both  of  these  are  now 
out  of  print.  Tlie  first  to  recojjnise  the  existence  of  Malmstone 
in  Berkshire  was  Dr.  G.  J.  Hinde  in  1885.^  The  thickness  of 
this  Malmstone  and  of  the  other  members  of  the  succession 
between  Didcot  and  Chilton  was  indicated  by  the  present  writer 
in  1889.2 

The  Lower  Gault,  which,  near  Devizes  is  about  90  feet  thick, 

Erobably  maintains  that  thickness  through  North  Wiltsliire, 
ut  on  the  borders  of  Berkshire  the  argillaceous  beds  begin 
to  thicken,  till  in  the  east  of  that  county  borings  at  Wantage  and 
Didcot  proved  them  to  be  220  feet  thick.  It  by  no  means 
follows,  however,  that  the  whole  of  this  (h^pth  is  to  l>e  ascribed 
to  the  zones  of  Aimufunfrs  I nh  rrapttis  xiwiXAm.  ^</(//^s,  for  a 
])art  of  the  increase  is  due  to  the  incoming  of  silty  marls  telow 
the  Malmstone,  and  these  luore  [U'obaUy  beloiig  to  tlie  zone  of 
Aittnuniltes  rosfiudas.  Even  when  some  50  feet  of  such  marl  is 
deducted,  there  still  remains  170  feet  for  the  Lower  Gault  at 
Didcot,  and  it.s  thickness  is  proi)ably  very  little  less  in  the 
western  part  of  Berkshire. 

The  Malmstone  is  probably  continuous  as  a  thin  band  at  the 
base  of  the  micaceous  sandstone  through  North  Wilt.s,  but 
is  seldom  seen  because  the  escarpment  of  the  sandstone  is  so 
steep  that  its  foot  is  covered  witii  talus  and  fallen  debris ;  in 
many  places  landslips  have  taken  place  and  large  masses  of  the 
sandstone  and  overlying  sand,  witli  in  some  cases  portions  of 
Lower  Chalk  have  fallen  and  slipped  down  on  to  the  Gault,  so  that 
the  actual  face  of  the  sand  and  sandstone  is  completely  concealed, 
as  indicated  in  Fig.  73. 

Near  Calne,  the  Malmston(^  and  sandstone  are  together  from 
50  to  (>0  feet  thick,  but  northward  thev   seem   for  a   certain 


^  On  beds  of  Sponge-remains  in  the  Lower  and  l'Pi)er  Greensand  of  the 
South  of  Endand.    Thil.  Trans.  Roy.  Soc,  p.  41G,  1885. 

-The  Geology  of  Upton  and  Chilton  in  Berks.  Proc.  Geoi.  Assoc.,  vol. 
xi.,  p.  198. 
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distance  to  get  thinner,  for  lielow  White  Horse  Hill  they  do  not 
appesr  to  be  more  than  35  feet.  Thence,  however,  they  thicken 
again  to  the  eastward,  and  the  sandy-  gaize  heconies  more  and 
more  of  a  malnistone  till  belwoon  Bidcot  and  WiiUingford  there 
is  a  mass  of  calciareous  mahiistone  which  i;annot  be  far  short  of 
100  feet  in  depth. 

With  the  exception  of  Fcvtcn  orbivitkifin  and  Avicuhi 
gryplueaidee  fossils  are  rarely  met  with  in  the  Mahnstonc  group 
along  this  tract  of  country. 

North  of  Devizes  there  is  a  remarkably  rapid  diminution  in 
the  thickness  of  the  glaiiconitic  sands  which  form  such  a 
conspicuous  part  of  the  formation  along  the  greater  part  ol 
the  Vale  of  Pewsey. 

At  Blacklands,  only  4J  miles  north  of  Devizes,  there  is  not 
more  than  10  feet  of  grey  an<l  green  micaceous  sand  between  the 
micaceous  sandstone  and  the  pnosphatic  base  of  the  Chalk.  No 
fossils  were  found  in  this  sand,  so  that  it  is  doubtful  to  what  zone 
it  belongs,  but  it  is  evident  that  this  10  feet  is  all  that  can 
represent  the  60  feet  of  sands  with  layers  of  calcareous  sand- 
stone near  Devizes,  and  it  is  more  likely  to  belong  to  the  zone  of 


FiG.73.— A /reqventaipict  of  til  fC/iali  near/ iiitnt  in  X.  Wiltth. 


Am.  nixifdtiis  than  to  the  sands  mth  IWten  aijier.  It  would 
seem  that  the  sands  of  the  Xnh  of  Pewsey  fonn  a  long  sand- 
bank, the  greatest  extension  of  which  was  from  east  to  west, 
and  that  the  bank  slopes  awiiy  and  thins  out  to  the  iiortliward. 

Further  to  the  north-east  on  approaching  Herkslnre,  green  .sand 
Bets  in  again  above  the  nialiristonc,  and  they  continue  through 
that  county  with  a  thickness  varying  from  1(i  to  25  feet. 

The  following  are  comparative  thicknesses  of  the  several 
portions  of  the  series  at  different  points  (see  also  Fig.  76) :— 


Cfllne. 
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1  0  toio 

50  to  GO 

no 
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Uffington. 
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140 
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Stratigrafhical  Details. 
Lower  Gault. 

The  lower  part  of  this  (zone  of  Aimn.  interriiptus)  consists  of 
laminated  silty  and  micaceous  clays,  grey  lilac  and  yellow, 
weathering  yellowish,  and  containing  lumps  of  argillaceous  iron- 
stone. These  beds  are  exposed  in  the  brickyard  at  Uffington 
and  in  the  railway  cutting  near  the  station,  but  no  fossils  were 
observed  in  ihem. 

The  sandy  nature  of  these  clays  and  the  fact  of  their  weathering 
yellow  render  it  possible  to  trace  the  base  of  the  Gault  along  the 
tract  between  Balking  and  Denchworth,  where  it  rests  on  the 
Kimeridge  Clay.  They  can  also  be  seen  in  the  railway-cuttings 
by  Challow. 

Similar  beds  are  exposed  in  the  well-known  brickyard  at 
Culham,  in  Oxfordshire :  the  section  at  the  eastern  end  of  the 
pit,  when  seen  by  me  in  1887,  being  as  follows  : — 

Fett. 

(Light  grey  laminated  clays,  with  a  thin  layer  of  yellow  clay, 
very  micaceous  in  the  lower  part  {Amm.  mterruptuSy  <fec.)  -     16 
Hard  sandy  clay,  full  of  small  quartz  pebbles,  with  a  few 
phosphatic  nodules 2 

Kim.  /Bright  brown  calcareous  and  sandy  ironstone,  about     -        -      Oj 
Clay  (Dark  clay 16 


Fig.  74. — Section  at  Culham^  Oxfordshire, 


4.  Gravel.  2.  Lower  Qreensand. 

3.  Gault.  1.  Kimeridge  Clay. 

The  Lower  Greensand  should  have  been  drawn  as  thinning  out  more  in 
the  middle  of  the  section. 

As  the  ironstone  does  not  contain  pebbles  it  is  probably  a  bed 
in  the  Kimeridge  clay,  altered  by  contact  with  the  Lower  Green- 
sand,  which  is  here  cut  out  by  the  Gault.  The  sands  were  formerly 
dug  by  the  main  road  above  the  old  kiln  and  coarse  brown 
quartz-sand,  with  large  blocks  ot  whitish  sandstone  can  still  be 
seen  in  the  cottage  gardens. 

A  manuscript  account  of  this  section  by  Daniel  Sharpe, 
written  alK)ut  1852,  has  been  placed  in  my  hands,  and  he  states 
that  at  the  west  end  of  the  brickyard  the  Gault  "  rests  on  a 
mass  of  coarse  yellow  brown  sand,  surmounted  bv  a  bed  of 
coarse  sandstone  about  9  inches  thick."  He  was  informed  that 
th  is  sand  thinned  out  gradually  to  the  eastward,  and  his  account 
of  the  east  end  of  the  section  agrees  with  that  above  given 
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moreover,  he  found  Thracia  depressa  in  the  ferruginous  stone 
at  the  top  of  the  Kimeridge  Clay. 

Professor  Phillips  ^  has  recorded  the  following  fossils  from  this 
locality : — 

Ammonites  dentatus  ( =  intcmiptus)  Inoceramus  concentricus,  Sow. 

„  lautus,  Sow.  Nucula  pectinata,  Sotv. 

Belemnites  minimus,  Lister.  Pecten  quinquecostatus,  Smv. 

Dentalium  decussatum,  Sow.  Plicatuia  ijectinoides,  aSow. 

Rosteliaria  sp.  Cyclocyatlius  Fittoni,  M.  Edv). 

Solarium  conoideum,  Soiv.  Balanus  sp. 

The  higher  part  of  the  Lower  Gault,  as  seen  in  a  brickyard  at 
Ardington  Wick,  near  Wantage,  Ls  a  stifif  grey  marly  clay  with 
glauconi to  grains,  small  phosphatic  nodules,  and  a  few  Belemnites 
minimics. 


Upper  Gault  and  Malmstone  Group. 

ZoTie  of  Amnuyiiites  rostratus. 

Where  this  zone  or  assise  is  fully  developed  in  Berkshire  it 
consists  of  the  following  members  : — 

Feet. 
3.  Grey  marl  with  large  grains  of  glauconite    -        -    10  to  l:i 
2.  Sandy  marls  and  malmstones       -        -        -        -    CO  „  90 
1.  Light-grey  silty  marls  passing  down  into  darker 

grey  marl  -.--  ---60„60* 

As  No.  1  has  been  mapped  by  the  Geological  Survey  with  the 
Gault,  it  will  be  convenient  to  mention  the  chief  exposures  of 
this  before  dealing  with  the  upper  beds  which  form  the  mass 
of  what  is  grouped  as  Upper  Greensand. 

Near  Glebe  Farm,  soutn  of  Uffington,  below  the  line  taken  as 
the  base  of  the  Malmstone,  whitish  silty  marl  can  be  seen  in  the 
ditches,  and  I  was  informed  that  the  well  at  Glebe  Fann  had 
been  dug  for  38  feet  through  such  marl,  finding  water  at  that 
depth  in  a  band  of  soft  stone. 

Similar  marls  can  be  seen  below  the  Malmstone  in  road- 
cuttings  near  Wantage,  Didcot,  and  Steventon,  and  they  some- 
times contain  layers  of  impure  malmstone. 

Lower  beds  are  exposed  in  the  railway-cutting  north  of 
Didcot,  the  lowest  b^  seen  being  a  micaceous  marly  clay 
containing  scattered  phosphate  nodules  and  many  specimens 
of  Avicidci  gryplioioiaeSy  a  fossil  which  is  common  m  Upper 
Gault  and  in  Malmstone,  but  never  found  in  the  Lower  Gault. 
The  highest  beds  seen  in  this  cutting  are  soft  gre^  shaly 
micaceous  marls,  which  probably  pass  up  into  the  whitish  silty 
marl  above  mentioned. 

The  highest  part  of  the  Gault,  sandy  clays  and  marls,  is  seen 
at  the  north-west  end  of  the  cutting  on  the  Great  Western  line 
near  North  More  ton  (see  p.  271),  and  in  the  road-cutting  south 
of  Little  Wittenham. 


*  Quart.  Journ.  Geol.  See.,  vol.  xvL,  p.  309. 
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There  is  a  gradual  passage  from  the  Upper  Gaiilt  marls  to  the 

beds  which  have  been  mapped  tis  Upper  Greensand,  and  the  line 

drawn  between  them  does  not  coinciae  with  any  special  horizon. 

In  North  Wiltshire  there  are  few  good  sections  of  these  beds. 

At  Blackland,  near  Calne,  a  cuttmg  on  the  road  to  Devizes 

shows  the  following  succession  : — 

Feet. 

Chloritic  marl  with  many  fossils 2 A 

Dark-green  glauconitic  sand,  rather  coarse  and  hard,  with 
some  nests  of  micaceous  sand,  ]jen(»trated  from  above 
by  pipes  of  glauconitic  marl;  jmsses  into  the  next  -      1 

Grey  glauconitic  sand.  Incoming  more  and  more  micaceous 

below 10 

Soft  buff  micaceous  .sandstone  -        -        -        -     seen  for    20 

Near  -the  bottom  of  the  hill  a  stiff  grey  sandy  marl  was 
exposed.^ 

On  approaching  Berkshire  the  sandstone  or  gaize  becomes 
less  sandy  and  passes  into  malmstone,  while  bands  of  silty  marl 
make  their  appearance  between  the  beds  of  malm.  Some  of  the 
stone  is  purely  siliceous  and  some  partly  calcareous,  the  two 
varieties  being  generally  distinguishable  by  the  weight  of  a 
sample  in  the  hand,  the  calcareous  stone  being  much  heavier 
than  one  which  consists  largely  of  organic  silica. 

At  the  spring-heads,  called  "the  Coombes,'  south-west  of 
Kingstono  Lisle,  calcareous  malmstone  is  seen  in  the  watercourse, 
and  in  the  bank  above  there  is  grey  marl  overlain  by  friable 
siliceous  stone  containing  much  organic  silica. 

At  Challow  there  is  hard  micaceous  marl  passing  up  into 
micaceous  malmstone,  above  which,  or  in  which,  are  several  feet 
of  hard  CTey  calcareous  ragstone. 

Near  Wantage  there  must  be  a  thickness  of  60  or  70  feet 
between  the  lowest  stone-beds  and  the  soft  green  sand  which 
forms  the  summit  of  the  division,  but  this  is  not  wholly  occupied 
by  stone,  the  higher  part  consisting  of  micaceous  marl  and  grey 
marly  clay  with  grains  of  glauconite.  These  beds  are  only  seen 
in  ditches,  but  are  important,  because,  if  the  malmstone  were 
absent,  they  would  be  regarded  iis  Gault  marls,  so  that  the  malm- 
stone here  may  be  described  as  occurring  in  the  midst  of  the 
marls  of  the  Tjpper  Gault. 

Westward,  the  stone-beds  increase  rapidly  in  thickness,  and 
form  a  broad  plateau  by  Ardington,  Hendred,  Harwell,  Didcot, 
Hagboume,  North  Moretx^n,  and  Brightwell,  near  Wallinrford. 
Good  sections  can  be  seen  in  the  cuttings  of  the  Didcot  and  New- 
bury line,  of  the  Great  W^estern  line  near  North  More  ton,  and  in 
the  road-cutting  a  mile  and  a  half  north  of  Wallingford.  It  is 
along  this  tract  that  the  malmstone  attains  its  greatest  thickness, 
probably  about  90  feet ;  the  stone  lies  in  regular  beds,  the  central 
part  bemg  a  fairly  pure  malmstone,  containing  sponge  spicules 
and  globular  colloid  silica  in  large  quantity,  and  weathering  to 
a  very  light  grey,  so  that  it  might  easily  be  mistaken  for  grey 
Chalk  on  a  cursory  inspection. 

'  See  also  Proc.  Geol.  Assoc.,  vol.  xiv.,  p.  346. 
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One  of  the  best  sections  is  that  in  the  cutting  on  the  Great 
Western  line  between  North  and  South  Moreton.  At  the  north- 
west end  of  the  cutting  there  is  dark  sandy  clay  (Upper  Gault) 
like  that  at  Didcot  (see  p.  269),  succeeded  by  grey  sandy  marl 
which  passes  up  into  soft  light  ffroy  niahii  with  hands  of  hard 
calcareous  maliiistone  ;  these  beds  occupy  a  sjucline,  at  the  base 
of  which  a  nearly  black  sandy  marl  is  seen,  apparently  replacing 
the  upper  part  of  the  grej^  marl.  The  beds  then  rise  to  the 
south-east,  and  the  first  bridge  passes  over  the  centre  of  a  low 
anticlinal  curve,  this  being  well  marked  by  a  bed  of  hard  siliceous 
stone  which  has  a  yellowish  staining.  South-east  of  this  bridge 
there  is  a  second  syncline,  and  then  a  rolling  dip  to  the  S.E., 
which  brings  in  higher  beds  of  light  grey  siliceous  stone  near 
the  second  oridge. 

The  highest  beds  of  this  division  are  found  in  the  cart-road 
leading  up  the  hill  north  of  Satwell;  the  exposure  is  obscure, 
but  tou^h  grey  marl  passing  up  into  similar  marl  containing 
grains  ot  glaucpnite  can  be  seen. 

Green  Sand. 

As  stated  on  p.  267,  at  Calstone  and  Cherhill,  near  Calne,  there 
is  nothing  which  can  be  recognised  as  the  ecjuivalent  of  tlje 
Warminster  Greensand,  the  soft  grey  sand  which  overlies  the 
malmstone  being  micaceous  almost  to  the  top,  and  destitute  of 
fossils.  Near  Wroughton,  however,  a  soft  green  glauconitic  sand 
without  mica  sets  m,  which  may  be  regarded  as  belonging  to  the 
zone  of  Pecten  aaper,  Mr.  F.  J.  Bennett  informs  me  that 
this  green  sand  is  visible  in  the  dingle  at  BincknoU,  south-west 
of  Swmdon,  and  more  clearly  in  the  railway-cutting  at  Chiseldon, 
where  some  15  feet  of  it  are  seen  below  the  Chloritic  Marl. 

In  Berkshire,  this  sand  is  seen  in  the  cutting  on  the  main 
road,  east  of  Woolstone  Springs,  and  here  the  green  and  grey 
sands  together  must  be  from  20  to  25  feet  thick. 

By  the  side  of  the  same  road  south  of  Westcott  there  is  a  small 
sana-pit  showing  the  following  section  :^— 

Feet 
4.  Chalk  Marl  without  visible  green  flrraina      -        -        -        -    3 
3.  Hard  Chalk  Marl  with  scattered  green  grains      -        -        -    2 
2.  Green  glauconitic  marl   with    a  few  phosphatic   nodules 

and  fossils 2^ 

I.  Dark  green  sand -    3| 

11 

Each  part  of  the  above  succession  passes  into  the  next  so  that 
there  is  nere  a  complete  passage  from  Greensand  to  Chalk. 

A  pit  in  the  deep  road-cutting  south  of  Childrey  exposes  from 
18  to  20  feet  of  these  beds,  the  upper  part  consisting  of  greenish 

Slauconitic  marl  with  a  layer  of  terruginous  nodules  about  8  feet 
own,  and  the  lower  part  of  dark  green  sand,  marly  at  first,  but 
passing  down  into  snarp  sand  consisting  only  oi   quartz  and 

1980.  S 
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glaiiconite.  Another  pit  at  East  Challow  shows  a  similar  section, 
the  marly  sand  being  mottled  with  streaks  and  pipes  of  marly  or 
chalky  matter.  It  is  a  question  whether  this  marly  material 
was  an  original  constituent  or  whether  it  had  been  unfiltrated 
from  the  Chalk  above. 

The  same  succession  can  be  seen  by  the  cottage  called  the  Ark, 
south  of  Wantage,  and  when  an  excavation  for  the  Waterworks 
was  made  here  in  1877,  Mr.  E.  C.  Davey^  found  many  fossils 
in  what  he  regarded  as  Greensand,  but  they  probably  came  from 
the  Chloritic  marl  or  phosphate-bed  ;  they  mcluded  Pecteti  asper, 
Ammovites  varians,  Am.  rotomag&iisis,  Avellana  cassis, 
Pleurotomaria,  &e. 

Similar  Greensand  can  be  seen  north  of  Lockinge,  in  the  lane 
200  yards  east  of  West  Hendred  church,  and  in  the  shallow 
cutting  on  the  Great  Western  Railway  between  Cholsey  and  South 
Moreton. 


*  See  Catalogue  of  Fossils  from  the  Cretaceous  Beds  of  Berkshire.    8vo. 
Wantage,  1877,  pp.  11,  &c. 
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CHAPTER  XIX. 

GAULT  AND  UPPER  GREENSAND  (SELBORNIAN^  IN 
OXFORDSHIRE  AND   BUCKINGHAMSHIRE. 

General  Description. 

No  adequate  description  of  the  Gaiilt  and  Greensand  of  these 
counties  has  yet  been  published.  A  very  short  account  was 
given  by  Prof.  Hull  in  the  Geological  Surv^ey  Memoir  on  Sheet 
13  (published  in  1861  and  now  out  of  print),  and  a  description 
of  tnat  part  of  the  outcrop  coining  within  the  hunts  of  Sheet  7 
was  contributed  by  the  present  writer  to  Mr.  Whitaker's  Memoir 
on  the  Geology  of  London  (1889). 

In  their  passage  through  these  counties  the  clays  which  are 
known  as  the  Gault  develop  a  greater  thickness  than  in  any 
other  district  except  that  of  Sussex.  A  well-boring  at  Shillinjj- 
ford,  north  of  Wallingford,  traversed  a  depth  of  144  feet  of  Gault 
and  from  the  height  of  the  top  of  the  clay  near  by  it  has  been 
calculated  that  the  full  thickness  of  the  Gault,  including  both 
Lower  and  Upper  Gault,  must  he  here  about  190  feet.  The 
thickness  becomes  greater  to  the  northward  for  a  boring  at 
Thame  Park  is  saia  to  have  traversed  200  feet  of  Gault,  and 
borings  near  Tring  have  proved  a  thickness  of  280  feet  of  Gault ; 
of  this  150  feet  is  believed  to  belong  to  the  Lower  Gault  and 
80  feet  to  the  Upper  Gault,  bu>  tne  relative  thicknesses  in 
Oxfordshire  have  not  been  ascertained. 

Phosphatic  nodules  have  been  worked  at  two  horizons,  one  at 
20  or  80  feet  from  the  base  of  the  Gault,  and  a  second  at  150  feet 
from  the  base  in  a  seam  of  green  sand  which  is  taken  as  the  base 
of  the  Upper  Gault. 

The  Lower  Gault  presents  some  anomalies  in  its  fossil  contents, 
for  the  lower  nodule-bed  has  yielded  species  which  in  the  south- 
east of  England  occur  only  in  Upper  uault,  such  as  Aininonites 
rosiratuSy  Avi.  varicx^us,  Am.  crlf^tatus,  Inocerdvius  milcdtiis, 
and  Terelnxdultij  hiplicafa  m  association  with  Am.  taut  us,  Am 
ocheUmotuHy  Ami.  splendeihs,  and  Am.  tuberculafus. 

The  Upper  Gault,  which  really  forms  the  lower  part  of  the 
zone  oi Ammonites  rostratus.heccmos  more  and  more  calcareous 
as  it  is  followed  to  the  north-west.  In  Buckinghamshire  the 
greater  part  of  it  is  so  marly  and  so  light  coloured  that  it  might 
Be  mistaken  for  Chalk  Marl,  but  it  passes  up  into  a  sandy 
micaceous  marl.  Water  is  frequently  thrown  out  at  the  junction 
of  these  marls  with  the  overlying  malmstone,  and  in  Oxfordshire 
a  succession  of  fine  springs  occur  at  this  horizon. 

1980.  S  2 
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The  Malmstone  of  Oxfordshire  is  a  continuation  of  that  of 
Berkshire.  Much  of  it  is  calcareous,  but  some  beds  are  purely 
siliceous  and  consequently  of  light  specific  gravity.  Ammonites 
aiu'lfus  and  Avnulu  (fri/i)liLVoi(lf'.*<  occur  rarely.  In  the  west  of 
the  county  it  is  probably  about  80  feet  thick,  but  it  gi-adually  thins 
10  the  westward ;  near  C'hinnor  it  has  thinned  to  30  or  35  feet, 
and  in  Bucks  it  thins  out  altogether,  passing  first  into  the 
condition  of  silty  micaceous  marl  enclosing  layers  and  nodules 
of  calcareous  stone,  and  finally  into  similar  marl  without  anj 
stone.  In  its  final  state  it  has  been  map|^d  as  Gault,  and  it  is 
difficult  to  say  how  nnich  of  the  Upper  Gault  near  Tring  may 
be  the  actual  equivalent  of  the  Malmstone. 

The  thin  band  of  "  Greensand  "  which  has  been  traced  through 
Berkshire,  Ls  continuous  through  Oxfordshire,  but  does  not  seem 
to  exceed  12  feet  in  thickness.  It  has  also  been  traced  into 
Bucks  as  far  as  Tring  (which  town  is  in  a  projecting  part  of 
Hertfordshire),  but  seems  to  die  out  for  a  space  near  Ivmghoe. 
No  fossils  have  been  foimd  in  it. 

So  far  as  can  be  ascertained  from  exposures  and  from  borings, 
the  succession  between  Thame  and  Cninnor  may  be  compaived 
with  that  near  Tring  in  the  following  manner :-  - 


Feet 

Chinnor. 

Tring. 

Feet 

12 

Soft  green  sand. 

Soft  greenish  silt    - 

6 

12 
30 

Grey  marl  with  glauconite  grains. 
Malmstone  with  layers  of  marl. 

[ Sandy  micaceous  marls  - 

20 

80 

Marly  clays. 

Marly  clays    - 

eo 

150 

Dark  grey  and  blue  clays. 

Grey  and  blue  clays 

IM) 

284  236 

Stratigraphical  Details. 
Lower  Gault 

OxFORDsniRE. — The  section  exposed  at  Culham  has  already 
been  described.  The  lowest  part  of  the  Gault  is  exposed  in  two 
brickyanls  near  Thame.  In  1885  the  pit  south-east  of  Thame 
showed  about  20  feet  of  dark  grey  micaceous  clay,  containing  a 
few  scattered  phosphatic  nodides,  but  the  only  fossils  seen  were 
fragments  of  Iriocfraimis  amcentricvs.  The  foreman  stated 
that  a  bormg  provetl  another  20  feet  of  dark  tough  clay  at  the 
base  of  which  is  a  thin  layer  of  shaly  rock,  and  below  this  sand 
from  which  water  rose  up  17  feet. 

South  of  Thame,  by  the  road  to  Tetsworth,  is  another  brick- 
yard, dug  partly  in  Lower  Cretaceous  clay,  but  also  exposing 
Gault  at  the  western  end,  and  from  this  I  obtained  fragments  of 
AmmcnitcH  intenniptus  and  Belcmnites  'miniTnus. 

At  Crendon,  north  of  Thame,  there  is  an  outlier  of  Gault,  and 
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a  quarry  worked  for-  stone  on  the  east  side  of  road  exposed  the 
following  succession  in  1885  : — 

Fttu 

Clayey  soil  passing  down  into  tough  grey 
Gault      \     ^  ^^'   slightly    micaceous    and    showing 
layers  of  darker  and  lighter  grey ;  im- 
pressions of  Inoceramtts  -        -        -        -     10  to  12 

Brown  ferruginous    sandstone  with  small 
pebbles  of  quartz  and  lydianite  ;  in  places 
are  lumps  of  calcareous  stone  -        -        -      1  to    1 J 
Thin  layer  of  laminated  grey  and  yellow 
clay ;  laminated  clays  with  large  lenticular 
.     concretions  of  heavy  purple  ironstone      -  2^ 

Purbeck  and  Portland  Beds,  seen  for       -        -        -        -        .     16 


Lower     , 
Greensand.  \ 


Bucks.-  -The  layer  of  phosphatic  nodules  in  the  lower  part  ot 
the  Gault  was  worked  between  the  years  1875  and  1884,  at 
Towersey,  near  Thame,  and  between  the  hamlets  of  Ford  and 
Moreton,  further  east.  The  late  Mr.  W.  Keeping,  F.G.S.,  saw  the 
workings  near  Ford  in  1876,  and  communicaUKi  the  following 
notes  to  me :  ^ — 

"  The  coprolite  scam  is  3  or  4  inches  thick,  and  is  constant 
throughout  the  pit,  though  the  bed  is  irregular  in  position.  The 
irregiuarity  is  of  two  kinds,  the  commonest  being  slips  o^  a  few 
inches  (4  to  10),  cutting  off  the  seam  with  a  clear  face  marked 
l>y  slickensidos ;  in  other  cases  the  1x^1  is  bent  downwards  to  a 
snnrlar  extent,  and  this  bending  is  duo,  I  am  iucUned  tx>  think, 
to  subsequent  folding  and  not  to  irregularity  of  deposition. 

"  The  matrix  of  the  seam  is  a  stiff  calcareous  clay  crowded 
with  phosphatlsed  shells  and  lumps  of  '  coprolite,'  which,  in  my 
cursory  search,  I  could  not  prove  to  have  suffered  from  erosion 
previous  to  being  embedded  in  the  Gault,  while  some  of  them, 
such  as  HamiteHy  were  in  such  a  condition  that  they  could  not 
have  sustained  much  knocking  about  on  a  shore." 

He  also  remarked  that  though  the  nodules  were  similar  to 
those  of  the  Cambridge  Greensand,  they  dittered  in  bein^  larger, 
harder,  and  in  the  rarity  of  tubular  forms;  further,  that  the 
fossils  differed  greatly,  some  not  known  or  very  rare  at  Cam- 
bridge, such  as  Iiii)cemma»  xaUuittus,  being  here  very  common, 
while  others  common  at  Cambridge  were  here  absent  or  rare. 
**  Above  the  [nodule]  bed  comes  a  hani  clay  with  iron-stained 
joint-planes,  which  is  covered  by  a  t  rue  clay,  somewhat  lighter 
coloured  than  ordinary  Gault,  and  containing  a  second  irregular 
coprolite  zone  in  a  series  of  lenticular  patches.  Its  nodules  are 
smaller  than  in  the  regular  seam  below/* 

When  I  visited  the  district  in  1885  no  pits  were  being  worked, 
but  I  found  trenches  and  works  only  recently  abandoned  near 
Marshall  Farm  south  of  Bishopstone.  I  collected  s«)me  fossils, 
and  found  that  Mr.  HavU^r.  then  schoolmastiT  at  Monks  Ris- 
borough,  had  collected  many  while  th<>  Avorks  were  in  progi'ess. 
The  information  1  obttuned  and  the  aspect  ol  the  nodules  continn 


*  These  notes  were  afterwards  handed  to  Mr.  F.  G.  H.  Price,  F.G.S.,  whc 
published  them  in  his  "  Memoir  on  the  Gault."    London,  1870 
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Mr.  Keeping's  account.  The  following  is  a  combined  list  of  the 
species  obtained  by  Mr.  Keeping,  Mr.  Hayter,  and  myself,  and  it 
will  bo  seen  to  be  a  curious  assemblage  for  Lower  Gault: — 

Ichthyosaurus  cainpylodon.  Aix)rrhais  marginata, 

Plesiosaurus  sp.  (teeth.)  Dentalium  decussatum. 

Ischyodus  sp.  Natica  Genti. 

Protosphynena  ferox.  Solarium  conoideuin. 
Liimna  appendiculata.  „        ornatuiu. 

Oxyrhina  macrorhiza.  Pleurotomaria  itieriana  ? 
Nautilus  clenientinus.  „  Rhodani. 

*Belemnites  minimus.  „  sp. 

Ammonites  auritus.  Exogyra  rauliniana, 

cristatus.  Hinnites  (new  sp.) 


n 


lautus.  Plicatula  pectinoides  (rare), 
ochetr)notus.  „         sigillina. 

rostratus.  Cardita  tenuicosta. 

splendens.  *Inoceramus  sulcatus. 
tuberculatua.  „  tenuis  ] 

varicosus.  Pholadomya  decussata. 

Baculites  Gaudini  1  Terebratula  biplicata. 

Hamites  intermedius.  Trochocyathus  conulus. 

Aporrhais  carinata.  „  harveyanus. 

Those  to  which  *  is  prefixed  are  common  fossils. 

The  same  bed  crops  out  in  the  ditch  by  the  side  of  the  main 
road  li  miles  E.S.E.  of  Aylesbury,  and  from  it  I  obtained  frag- 
ments ot  Ammonites  Beudantl/Am.tahercidatus.Ani,  luricqsus 
and  Hamites,  with  Belemnites  minimus,  Solarium,  and 
Iiioceraiaus  sulcatus. 

There  is  a  brickyard  in  Gault  at  Rushmead,  north  of  Rowsham, 
but  I  saw  no  fossils  or  phosphates  in  the  clay  there.  Thence  the 
Gault  spreads  upwards  on  to  the  high  ground  near  Wing,  and  a 
brickyard  at  Littlcworth  has  exposed  mteresting  sections  of.  the 
basal  beds  of  the  formation.  The  late  Prof.  Green  saw  a  clear 
section  on  the  southiern  side  of  the  excavations  about  1860, 
and  noted  the  succession  as  follows : — 

Drift.      Sand  and  ixjbbly  sand         -        .        .        .  14 

I  l^ale  l)lue  laminated  clay  with  whity-brown 
I      phosphatic  nodules  -        -        -        -  15 

(jJault  -J  Yellow  earthy  concretionary  Umest one,  with 
much  ochre,  pyrites,  scmie  carbonate  of 
'      <'oj>])er  and  brown  phosi>hatic  nodules    -       H  to  2 
Kimerid^'e.    Stiff  bluish-black  clay  with  large  scptaria         "  6 

When  1  visited  the  place  in  1884  this  section  was  obscured, 
but  a  cut  on  the  north  side  showed  Kimeridge  Clay  passing 
beneath  Gault  without  any  stone-bed,  and  only  a  thin  parting  ot 
brown  ferruginous  matter.  The  Gault  contained  Amirumitea 
intei'ruptas,  Am.  lautus  and  Bel.  minimns.  In  the  little 
stream,  however,  which  runs  through  the  yard  I  found  blocks  of 
th(^  stone  describt^d  bv  Prof  Green,  a  hard  calcareous  ironstone 
full  of  phosphate  noflulos,  and  containing  many  small  Tere- 
bratul.p,  whioli  wen?  identitied  by  Mr.  Ethcridge  as  Waldheimia 
i'( natrrmlus,  a  Lower  Cretaceous  fonn 'which  however  has  been 
found  occiisionally  in  tlie  Gault. 
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A  borine  was  made  by  the  Grand  Junction  Canal  Company  in 
1855  at  Slapton  Lock,  three  miles  south  of  Leighton  Buzzard, 
and  samples  are  preserved  in  the  offices  of  the  Company  at 
Marsworth,  which  furnish  the  following  particulars : — 

Gault  clay  to  46  feet 

Phodphate  nodules  and  fossils  at  61  feet 

Clay  with  Inoceramtis  at  66  feet. 

Clay  down  to  71  feet. 

Sands  from  72  to  86  feet. 

It  would  appear  that  there  is  a  nodule-bed  about  10  feet  from 
the  base  of  the  Gault ;  among  the  fossils  preserved  I  identi- 
fied the  following,  Ainmonites  intei^ruptitHy  Am.  crisUUus,  Am. 
rostratiM,  Am,,  varicostcs  ?,  Inoceramus  sulvatiis,  Inoc.  am- 
centricvSy  Inoc.  tenuis  ?. 

Other  borings  were  made  by  the  Canal  Company  at  Lock  33 
Ivinghoe,  at  Lock  38  Marsworth,  and  at  Bulboum,  both  of  the 
latter  traversing  the  whole  thickness  of  the  Gault,  which 
according  to  the  records  preserved  was  in  one  case  248  and  in 
the  other  238  feet  thick.  Another  boring  was  made  at  Gubble- 
cote,  west  of  Marsworth,  in  1885  {see  p.  282).  The  samples 
obtained  from  these  borings  show  that  much  of  the  Lower 
Gault  is  of  a  light-grey  colour,  and  is  more  or  less  calcareous ; 
samples  only  28  and  29  feet  from  the  base  at  Gubblecote  were 
examined  by  Mr.  W.  Hill,  who  describes  the  material  as  a  very 
calcareous  clay  or  marl.  Thus  both  the  Lower  and  Upper  Gault 
show  a  tendency  to  become  more  calcareous  as  they  are  followed 
to  the  northward. 


Upper  Gault  and  Upper  Greensand  (Malmstone). 

Zone  of  Ammxmites  rostratus. 

Oxfordshire. — On  the  eastern  side  of  the  Thames  Valley  the 
malmstone  emerges  from  beneath  the  plain  of  river  gravel  near 
the  village  ot  Roake,  and  forms  a  well-marked  ridge  which  runs 
thence  to  the  north-eiust.  It  was  from  the  soft  niiilm  or  from 
the  underlyuig  marl  at  Roake  that  the  specimen  of  Hamltefi 
aryiuftics  figured  by  Sowcrby  was  obtained  The  stone  has  been 
dug  half  a  mile  N.E.  of  the  village,  and  again  in  a  larger  pit  to 
the  northward  by  HoUantide  Bottom. 

From  these  pits  the  following  fossils  were  obtained : — 

Ammonites  auritus.  Ostrea  sp. 

Aporrhais  Parkinsoni.  Pecten  orbicularis. 

Cucullaea  carinata.  Echinospatagus  sp. 

One  of  the  best  sections  of  this  division  is  in  the  road-cutting 
down  Clare  Hill,  2i  miles  N.N.W.  of  Watlin^ton.  At  the  top 
near  the  guide  posts  a  tough  calcareous  marl  with  a  few  scat- 
tered grains  of  glauconite  is  seen  in  the  bank,  on  the  slope  to 
the  north  firm  grey  malmstone  crops  out,  and  about  40  feet  of  it 
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is  aeon.  Opposite  the  Ixinch  mark  of  330  feet  a  layer  of  malm- 
stouo  overlies  a  foot  or  two  of  softer  micaceous  marl,  and  still 
lower  a  water-hole  showed  ^y  micaceous  marl  with*  crushed 
Avimmites  aurituJi,  This  is  probably  the  top  of  the  Gault 
marls,  but  belonufs  to  the  zone  ot  Am.  rostmtus. 

IWtcn  oHficifluris  and  Aviculii  yryplatoides  y^ere  found  in 
siliceous  nialmstone  near  Clare  South  Farm,  and  grey  marls 
with  a  3  feet  course  of  malmstone  are  exposed  in  a  pit  east  of 
Whoatfield  Church. 

Beyond  Adwt^U,  where  two  strong  springs  issue  from  the  rock, 

the  ridgt^  biKJomos  less  markcil :  at  Chinnor,  half  a  mile  N.W.  of 

tlio  church,  a  well  had   lH}en  recently  simk  in  1885,  and  I  was 

iufornuxl  that  the  IkkIs  tmversed  were  : — 

Feet, 

Soft  ^rey  marl 10 

Ui\g3t<>n'e  ill  irrejrular  iKjds,  separated  by  layers  of  grey 
marl,  the  lowest  being  a  beu  of  rock  i^ith  water         -    27 

Among  the  material  brought  un  from  the  shaft  were  many 
blocks  ot  the  rockv  beds,  a  sanav  malmstone  with  nodular 
lumjxs  in  which  colloid  silica  was  more  abundant  than  in  the 
rest  of  the  rock  ;  these  blocks  yielded  Amnunntes  auntus{\tir, 
Cfttillus).  Am.  })laniihifffffy  and  Aricula  gryphivoides. 

Bi'CKs — The  malmstone  with  some  Ixxis  of  firm  fissile  sandy 
marl  is  travers('<l  bv  the  railway-cuttings  near  Risliorough  station, 
its  dip  varying  from  2^'  to  7'^',  an<l  again  in  the  railway- 
cnittin^  soutli  of  Kimblr  station.  The  thickness  of  actual  atone 
near  Kimble  is  not  more  than  15  or  Iti  feet;  near  Turville  it 
seems  to  pass  into  t;andv  ivmtI  with  lumps  of  calcareous  stone. 

At  Buckland  the  following  succession  cjin  be  made  out  along 
the  road  from  south-east  to  north-west  {sre  Fig.  77) : — 

»Soft  dark-green  sand. 

Soft  grey  shaly  and  sandy  marl. 

Dark -grey  micaceous  marl  passing  do\m  into  greenish  sandy 

marl,  with  lumjw  of    hard  marlstone  containing  many 

A  vicuhi  gryphrf-i tides. 

Dark -grey  laminated  marl  with  ^nVi/Ai  fjiyphceoideB  imssing 
down  to  bluish  siltv  clav. 

The  total  thickness  is  proUibly  not  more  than  12  or  14  feet. 

(roiug  northward  along  this' road  we  come  to  Puttenbam, 
where  phosphates  were  dug  in  1874  from  the  seam  at  the  baM 
of  the  Upper  Gault,  and  the  following  account  is  quoted  fronj 
notes  taken  in  that  year.^     The  section  here  shown  was: — 

Feet 

Whitish  marly  day  looking  very  like  Chalk  Marl  but  con- 
taunng  much  "  race  "and  a  few  light-cc^loui-eii  phosphatic 
nociules    "-•»-,        ,^_,tt 

Coprolite-l>ed,  the  upiK?r  jiart  a  g|-ey,  sandy  clav  with  gretjn 
grains  and  wn  e  nodufeK  :  thu  lower  i>art  a  stiff  dark 
^ensand  full  of  rolled  Mack  nodules     -        -        -        -    U 

Stitf  blue-black  clay  at  the  l>ottom  of  trench. 

f     ^  ^Jl  Relations  of   the  Cambridge  Gault  and  Greenland,''  Quart. 
JouML  QeoJ.  bcic,  vol  xxxi.,  p.  265.  x«»»«^ 
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From  tho  upper  part  of  the  coprolite  bed  I  extracted  the 
following  fossils  in  an  imphosphatised  condition — Plicatxda 
jyectinoideSy  Avicula  yryphcvoules,  Pecten  orbicularis,  Lima 
globosay  and  Arainonitea  rostratas, 

"  On  the  [washed]  heap  there  was  a  paucity  of  fossils,  with  the 
excention  of  Plieatula  pectinoid^s,  which  was  coninion.  The 
smaller  nodules  were  very  like  those  of  Cambridge,  but  the 
larger  ones  presented  a  curious    appearance,  being  evidently 


Fig.  77. — Section  through  Buckland  near  Aylesbui-y} 
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phosphatic  septarian  stones,  hollow  in  tho  middle  and  split  up  by 
contraction-cracks,  which  contained  carbonate  of  lime.  When 
struck  they  fell  into  numerous  small  cubical  pieces.  These 
nodules  were  a  difficulty  to  me  at  lirst  (as  being  different  from 
any  found  at  Cambridge),  until  I  had  broken  up  several  and  saw 
that  the  cUbrin  were  exactly  like  the  little  angular  fragments 
so  couuuon  in  the  Cambridge  Bed  and  often  bearing  small 
PlicataUh  and  Osfrae  A  very  little  rolling  would  suffice  to 
break  up  these  hollow  nodules ;  and  thus  the  apparent  absence 
of  these  fonns  in  Cambridgeshire  is  satisfactorily  explained 
while  the  quantity  of  *  coprolite '  dibris  there  existing  is  likewise 
accounted  for. 

"  On  the  other  side  of  the  canal  near  the  village  of  Puttenham 
another  pit  has  been  opened  (1874)  showing  the  same  succession." 
Here  I  outained  many  fossils  from  the  heap  of  washed  nodules 
and  Dr.  Barrois  subsiHjuently  collected  a  still  larger  number. 
The  following  list  includes  the  species  thus  found,  the  letter  J 
indicathig  those  found  by  myself  only,  and  the  letter  \^  by  l^r. 
Barrels  and  not  by  uk*  :  — 


*  Quart.  Joum,  Geol  Soc,  vol.  jcxxi.,  p.  265. 
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is  seen.  Opposite  the  bench  mark  of  330  feet  a  layer  of  malm- 
stone  overlies  a  foot  or  two  of  softer  micaceous  marl,  and  still 
lower  a  water-hole  showed  grey  micaceous  marl  with'  crushed 
ATTimmiitea  aiiritas.  This  is  probably  the  top  of  the  Gault 
marls,  but  belongs  to  the  zone  of  ^7?i.  rostt\itus. 

Pecten  orbiculariH  and  Avicula  giYpluvoides  were  found  in 
siliceous  malms  tone  near  Clare  South  Farm,  and  grey  marls 
with  a  3  feet  course  of  malmstone  are  exposed  in  a  pit  east  of 
WheatBeld  Church. 

Beyond  Ad  well,  where  two  strong  springs  issue  from  the  rock, 

the  ridge  becomes  less  marked  ;  at  Chinnor,  half  a  mile  N,  W.  of 

the  church,  a  well  had  been  recently  simk  in  1885,  and  I  was 

informed  that  the  beds  traversed  were  : — 

Feet, 

Soft  grey  marl 10 

Ragstone  in  irregular  beds,  separated  by  layers  of  grey 
marl,  the  lowest  being  a  bea  of  rock  with  water         -    27 

Amon^  the  material  brought  up  from  the  shaft  were  many 
blocks  ot  the  rocky  beds,  a  sandy  malmstone  with  nodular 
lumps  in  which  colloid  silica  was  more  abundant  than  in  the 
rest  of  the  rock  ;  these  blocks  jaelded  Ainvioiiites  axiritu^  {vat. 
catillus),  Am,  j)lanulatu8,  and  AvicuUi  gryphwoides. 

Bucks  — The  malmstone  with  some  beds  of  firm  fissile  sandy 
marl  is  travers(Hl  by  the  railway-cuttings  near  Risljorough  station, 
its  dip  varying  from  2"  to  7*^,  and  again  in  the  railway- 
cutting  soutli  of  Kimble  station.  The  thickness  of  actual  stone 
near  Kimble  is  not  more  than  15  or  l(j  feet;  near  Turvillo  it 
seems  to  pass  into  sandy  marl  with  lumps  of  calcareous  stone. 

At  Buckland  the  following  succession  can  be  made  out  along 
the  road  from  south-east  to  north-west  {see  Fig.  77)  : — 

Soft  dark-green  sand. 

Soft  grey  shaly  and  sandy  marl. 

Dark-grey  micaceous  marl  passing  doT\Ti  into  greenish  sandy 

marl,  with  lumps  of    hard  marlstone  containing  many 

Avicula  gy'yphceoides. 
Dark -grey  laminated  marl  with  il  ^'iVw^rt  (jiyfthceoides  passing 

down  to  bluish  silty  clay. 

The  total  thickness  is  probably  not  more  than  12  or  14  feet. 

Going  northward  along  this  road  we  come  to  Puttenham, 
where  phosphates  were  dug  in  1874  from  the  seam  at  the  ba«6 
of  the  Upper  Gaidt,  and  the  following  account  is  quoted  fronj 
notes  taken  in  that  year.^     The  section  here  shown  was: — - 

FeeU 

Whitish  marly  clay  looking  very  like  Chalk  Marl  but  con- 
taining much  "  race  "and  a  few  light^coloured  phosphatic 
nodulys .        ^        .        ,    ^ 

C'oprolit45-bed,  the  upper  j)art  a  grey,  t>andy  clay  with  gre(?n 
grains  anrl  son  e  nodules  :  the  lower  part  a  stiff  dark 
preensand  full  of  rolled  black  nodules     -        -        -        '    Ij 

Stiff  blue-black  clay  at  the  l>ottom  of  trench. 


»  See  "  lUlationa  of   the  Cau)bridge  Gault  and  Gre^ndand,"  Quart. 
Journ.  Geo]   boo.,  vol.  xxxL,  p.  265, 
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From  the  upper  part  of  the  coprolite  bed  I  extracted  the 
following  fossils  in  an  imphosphatised  condition — Plicatula 
pectinoideSy  Aviciila  gryphctioides,  Peeten  orbwiUuriSj  Lima 
glohosa,  and  Airmnonites  rostral  us, 

"  On  the  [washed]  heap  there  was  a  paucity  of  fossils,  with  the 
exception  of  Plicatula  pectinoides,  which  was  conunon.  The 
smaller  nodules  were  very  like  those  of  Catnibridge,  but  the 
larger  ones  presented  a  curious    appearance,  being  evidently 


Fig.  77. — Section  through  Bu^kland  near  Aylesbui'y,^ 
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phosphatic  septarian  stones,  hollow  in  the  middle  and  split  up  by 
contraction-cracks,  which  contained  carbonate  of  lime.  When 
struck  they  fell  into  numerous  small  cubical  pieces.  These 
nodules  were  a  difficulty  to  me  at  first  (as  being  difierent  from 
any  found  at  Cambridge),  until  I  had  broken  up  several  and  saw 
that  the  ddbris  were  exactly  like  the  little  angular  fragments 
so  conunon  in  the  Cambridge  Bed  and  often  bearing  small 
Plmttidoi  and  Osfrece  A  very  little  rolling  would  suffice  to 
break  up  these  hollow  nodules ;  and  thus  the  apparent  absence 
of  these  fonns  in  Cambridgeshire  is  satisfactorily  explained 
while  the  quantity  of  '  coprolite '  dibr'is  there  existing  is  likewise 
accounted  for. 

"  On  the  other  side  of  the  canal  near  the  village  of  Puttenham 
another  pit  has  been  opened  (1874)  showing  the  same  succession." 
Here  I  obtained  many  fossils  from  the  heap  of  washed  nodules 
and  Dr,  Barrois  subsoijuently  collected  a  still  larger  number. 
The  following  list  includes  the  species  thus  found,  the  letter  J 
indi(!atuig  those  found  by  myself  only,  and  the  letter  B  by  \)r, 
Barrois  and  not  by  me  :  — 


*  Quart.  Joum.  Ueol.  Soc,  vol.  xxxi.,  p.  265. 
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Ichthyosaurus  campylodon. 
Larana  appendiculata. 
J.  Protosphyraina  ferox. 
Ammonites  auritus. 


13. 


B. 


iiiterrui)tu.s  ?. 
mayorianus. 
raulinicinus. 
ros^tratus. 

var    candol- 
leanus. 
splendens. 

„    var  cratus. 
Studeri  I 


n 


J. 

B. 

B.  Hamites  desorianus. 
B.        „        intermedius. 
Belemnites  minimus. 
B.  Nautilus  clementiuus. 
B.  Dentalium  decussatum. 


B.  Pleurotomaria  Hhodani. 

Solarium  omatum, 

Avicula  gryphieoides. 
B.  Exogyra  rauliniana, 
J.  Lima  paraUela. 

Plicatula  ijectinoides. 
„        sigillina. 
J.  Hinnites  trilinearis. 
B.  Ostrea  pectinata  (?  frons). 

Spondylus  gibbosus. 

Terebratula  biplicata. 
J.  Serpula  articulata. 
B.  Cidaris  gaultina. 
B.  Pentacrinus  Fittoni. 

Trochocyathus  angulatus. 
B.  „  harveyanus. 

J.  Coscinopora  quincuncialis. 


The  same  seam  of  phosphatic  nodules  was  also  worked  at 
Cheddington  and  at  Slapton  to  the  north-east ;  a  lx)ring  made  to 
supply  the  Cheddington  works  with  water  passea  through 
150  feet  of  Gault  before  reaching  the  sands  below. 

In  1885  a  trial-boring  for  water  was  made  at  Gubblecote,  at  a 
spot  one  mile  E.S.E.  of  Long  Marston  Church,  and  this  was 
watched  bv  Mr.  A.  M.  Brown,  of  Trmg,  who  took  a  series  of 
samples,  which  were  afterwards  submitted  to  Mr.  W.  Hill  (fiee 
Chapter  xxiv.).  This  boring  passed  through  the  whole  of  the 
Gault,  and  the  particulars  were  as  follows : — 

Feet 


Upper 

Gault 

70  feet. 


Lower 
Gault 
145 


Lower 


Soft  blue  sandy  micaceous  marl 13 

Hard  bluish  sandy  micaceous  marl        -        -        -        -  30 

Grey  silty  and  marly  clay 26^ 

Layer  of  phosphate  nodules  in  glauconitic  marly  sand  -  0\ 

(  Dark-blue  clay  with  ferruginous  stains  -        -        -        -  50 

Blue  clay  with  lighter-coloured  layers  -        -        -        -  31 
Light-grey  clay  with  a  band  of  dark-blue  clay  about 

11  feet  thick    -        -        - 35 

Light-grey  calcareous  clay,  with  a  thin  seam  of  hard 

rock  (?  limestone) 

fjayer  of  j^hosphatic  nodules         -        -        -        -        - 

Dark  ])rownish  clay,  ]>ecoming  sandy  and  glauconitic 
l>elow        ---------22 

Blue  sandy  clay  with  phosphatic  uckIuIcs  at  the  luise    -  3 

'    Hard  giey  clay  with  much  (piartz  siind         -        -        -  2 

(    Hard  coarse  sand  mixed  with  clay        -        -         -        -  8 


i 


Greeusand  1   Coarse  white  sand  with  water i^ 


Upper  Oreensand  (Olauconitic   Sand). 

The  soft  gi'cen  sand  Avhich  has  been  traced  through  Berksliire 
(see  p.  273)  is  known  to  run  through  Oxfordshire  and  for  some 
distance  into  Buckinghamshire,  but  it  is  not  often  exposed, 
because  it  is  only  a  thin  band  and  never  more  than  10  or  12  feet 
thick. 

In  its  course  through  Oxfordshire  it  was  only  seen  in  small 
exposures  either  in  (litchos  or  in  roadside  banks.     There  is  an 


*  liecherches  sur  le  Terr.  Cret.  Supt«rieur  (187(5),  p.  loO. 
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outlier  of  it  on  Clare  Hill,  north  of  Watlington,  and  another 
south  of  .Wheatfield.  The  following  note  is  from  a  manuscript 
leit  bv  the  late  Sir  Joseph  Prestwich,  and  was  written  in  1850. 
it  is  headed  Easington,  and  probably  refers  to  the  road-cutting 
a  little  south-east  of  that  village,  wiiere  part  of  it  can  still  be 
seen ; — 

Feet, 

Veiy  dark  pure  greensand 10 

Malm  rock,  grey  drying  white,  [partly  a]  clayey 

calcareous  rock,  upper  bedrs  fissile      -        -  about        70 
Gault,  bluish  brown. 

In  Bucks  there  are  some  better  exposures ;  it  is  traversed  by 
the  railway-cutting  north  west  of  Monks  Risborough,  the 
succession  at  the  KE.  end  of  the  cutting  being : — 

Greenish  glauconitic  marl. 

Dark  ^reen  glauconitic  sand,  fine  grained. 

Greenish-grey  sand  with  layers  of  calcareous  stone. 

The  passage  from  Chalk  Marl  down  into  the  Greensand  can  be 
seen  in  the  bimk  by  the  roadside  north-ciust  of  Bushcy  Leys.  No 
fossils  or  phosphate  noduk^s  occur  here  or  elsewhere  m  Bucks  at 
the  junction,  so  that  one  camiot  say  where  the  Greensand  ends 
and  Chalk  bejjins. 

In  Aston  Clinton  Park  a  trench  made  in  1885  near  the  house 
showed  about  6  feet  of  bright  green  sand  passing  up  through 
glauconitic  marl  into  Chalk  Marl,  the  total  deptn  seen  being 
about  12  feet. 

Its  existence  at  Buckland  has  been  mentioned  on  p.  280. 
Thence  it  has  been  traced  through  the  low  ground  north  of 
Tring,  and  it  was  traversed  by  borings  made  for  the  Grand 
Junction  Canal  Company  at  Marsworth  and  Bulbourne.  Its 
thickness  here,  however,  is  only  about  six  feet,  and  north-east  of 
Ivinghoe  it  seems  to  thin  out  entirely,  though  it  sets  in  again 
near  Eddlesborough  in  Bedfordshire  (see  p.  287). 


CHAPTER  XX. 

GAULT  AND   UPPER  GREENSAND   (SELBORNIAN)   IN 
BEDFORDSHIRE  AND  CAMBRIDGESHIRE, 

General  Remarks. 

The  Gault  of  these  counties  is  only  in  part  a  continuation  ot 
that  of  Buckinghamshire,  for  it  is  only  the  Lower  Gault  which 
is  continuous.  The  Upper  Gault  is  traceable  for  a  certain 
distance,  but  thins  out  as  if  bv  erosion  in  the  district  where 
the  Cambridge  Greensand  or  noclule-bed  begms,and  it  is  believed 
that  this  nodule-bed,  which  forms  the  base  of  the  Chalk  Marl 
and  contains  phosphatic  fossils  derived  from  the  zone  of 
Ammonites  rostrataa,  has  resulted  from  the  erosion  and 
destniction  of  the  Upper  Gault  marls.  In  other  words,  these 
marls  originally  extended  as  a  continuous  deposit  through  the 
area  whicli  is  now  occupied  by  the  Cambridge  Greensand,  but 
were  gradually  removed  by  the  action  of  a  strong  current  which 
swept  the  sea  floor,  carrying  away  the  finer  sedinumt  and  leaving 
only  the  heavy  i)hosphatic  nodules  and  some  of  the  sandy 
matter  to  form  the  basement-bed  of  the  Chalk. ^ 

There  are  several  seams  of  phosphatic  nodules  in  the  Lower 
Gault,  one  of  which  has  been  worked  at  Campton,  near  Sheftbrd. 
The  higher  nodule-bed,  lying  at  the  base  or  the  Upper  Gault, 
has  also  been  worked  nearly  as  far  as  Eggington  in  Bed- 
fordshire. 

The  thickness  of  the  Lower  Gault  varies  from  150  feet  at 
Billington  and  Stanbridge  on  the  west  to  180  at  Arlesey  and 
Hinxworth  on  the  east. 

A  thin  lenticular  band  of  glauconitic  sand  caps  the  Gault 
marls  near  Eddlesborough  and  Totternhoe,  but  disappears  before 
the  Cambridge  Greensand  sets  in. 

Bedfordshire. 

Lower  Gault. 

The  Gault  is  exposed  in  several  brickyards  near  Leigh  ton 
Buzzard,  and  two  sections  are  of  special  interest.  They  both 
show  its  base,  but  in  one  case  there  is  a  gradual  passage  down  to 
the  Lower  Greonsand,  and  in  the  other  tliere  is  not,  a  fact  which 
suggests  that  there  was  here  a  bank  of  Lower  Greensand  which 
caused  an  interruption  to  the  even  deposition  of  the  Gaidt  clays. 


^  See  i>aper  **  On  the  Relations  of  the  Cambridge  Gault  and  Greeusan  d," 
Quart.  Joum.  Geol.  Soc,  vol.  xxxi.,  p.  256. 
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The  "first  section  is  in  a  brickyard  south  of  the  town,  and  the 
succession  shown  in  1884  was  as  follows : — 

Feet 

Dark-gtey  clay  with  phosphate  nodules 4 

Dark-grey  sandy  clay,  witii  some  sandy  phofq^hates  and  much 

fossil  wood 3 

Tough  clayey  sand  full  of  small  pebbles 2 

Coarse  yellow  sand,  obliquely  bedded      -        -        -        -        -      6 

Each  bed  seemed  to  pass  hi  to  that  below,  though  the  pebbly 
bed  doubtless  indicates  a  certain  amount  of  current  erosion. 

North  of  Leighton  a  strip  of  Gault  lies  on  the  southern  slope 
of  the  Lower  Greensand  which  forms  Heath  Hill,  and  the  base  of 
the  Gault  is  shown  in  a  sand-pit,  where  14  feet  of  dark-grey  clay 
with  small  patches  of  bright-red  clay  at  the  base  rest  directly  on 
yellow  sand  with  a  well-marked  plane  of  division.  This  occur- 
rence of  red  clay  is  significant  in  connection  with  the  age  and 
origin  of  the  red  marl  and  red  chalk  of  Norfolk. 

Close  by  this  pit  is  a  brickyard  which  shows  about  10  feet  of 
bluish-grey  clay  with  a  seam  of  phosphatic  nodules  in  the  middle. 
This  nodule  bed  appears  to  be  a  continuation  of  that  described 
on  p.  281,  for  it  contains  a  similar  mixture  of  Lower  and  Upper 
Gault  species.  The  following  is  a  list  of  the  species  found  by 
myself : — 

Ammonites  Beudanti.  Exogyra  rauliniana. 

„  cristatus.  Ostrea  vesicularis. 

„  interruptus.  Gervillia  solenoides. 

„  lautus.  Inoceramus  concentricus. 

„  ochetonotus.  „  sulcatus. 

„  rostratus.  .,  tenuis  ? 

„         splendens.  Nucula  pectinata. 

„  varicosus.  Plicatula  pectinoidos. 

Hamites  intennedius.  „        sigillina. 

Belemnites  minimus.  Terebratula  biplicata. 

,.  „    var  attenuatus.  Trochocyathus  angulatus. 

Dentalium  decussatum.  „  harveyanus. 

For  some  distance  east  of  Leighton  Heath  the  Lower  Gault  is 
almost  entirely  concealed  by  Drift  deposits,  but  its  surface  is 
exposed  again  along  a  tract  lying  soutn  of  Flitton,  Silsoe,  and 
Shefford.  There  are  also  many  small  outliers  on  the  slopes  of 
the  Lower  Grccnsands  to  the  north  of  the  Ivel  valley.  Thus  near 
the  old  church  at  Clophill  small  pits  (open  in  1884)  showed 
several  feet  of  grey  clay  with  phosphatic  nodules,  passing  down 
through  sandy  clay  into  clayey  sand,  the  last  enclosing  large 
arenaceo-phosphatic  nodules  like  those  which  occur  in  the  zone 
of  AininoiiUes  mavimiWiris  at  Folkestone  and  elsewhere.  This 
bed  rests  on  yellow  and  brown  sand. 

In  1874  a  layer  of  phosphatic  nodules  was  worked  atCampton 
near  Shefford,  and  the  well  at  the  works  was  stated  to  be  28  feet 
deep  through  clay  into  sand,  so  that  the  seam  must  lie  between 
20  and  25  reet  from  the  base  of  the  Gault.  The  nodules  lay  in 
a  bed  of  light-grey  clay,  and  were  scattered  through  a  thickness 
varying  from  9  inches  to  2  feet ;  with  them  were  some  grains  of 
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glauconite,  but  not  enough  to  make  the  clay  sandy.  The  clay 
underneath  the  bed  becomes  rapidly  darker.  Bdemnites  inim- 
inns  was  so  abundant  that  they  had  to  Ix)  picked  out  by  hand 
after  the  nodules  were  washed  and  before  they  were  sent  away. 
Other  fossils  were  not  so  abundant,  but  the  following  were 
found  ^ : — 

Ammonites  auritus.  Natica  Genti. 

„  Beudanti.  Rostxjllaria  elongata. 

„  interruptus.  Plicatula  pectinoides. 

„         lautus.  Inoceramus  concentricus. 
Belemnites  minimus.  .,  „    (large  variety). 

„  „     var  attenuatus.        Nucula  i^ectinata. 

Hamites  rotundus.  Terebratula  biplicata. 

It  is  noticeable  that  though  this  nodule-bed  occurs  at  about 
the  same  horizon  as  that  at  Heath  (p.  285)  and  those  at  Ford 
and  Dinton  (p.  277),  yet,  with  the  exception  of  Terebratula 
bijylwata,  the  assemblage  is  essentially  a  Lower  Gault  one  with- 
out any  admixture  of  Upper  Gault  Ammonites  such  as  occur  at 
the  other  localities. 

The  higher  part  of  the  Lower  Gault  is  well  exposed  in  the 
brickyard  and  cement  works  at  Arlesey.  Here  clay  is  sometimes 
dug  to  a  depth  of  50  feet ;  the  lower  part  is  dark,  but  the  upper 
part  is  lighter  and  more  marly;  analyses  (see  p.  319)  show  tnat 
It  contains  from  26  to  31  per  cent,  of  carbonate  of  lime. 

Upper  Oault. 

The  Upper  Gault  of  Bedfordshire  is  a  continuation  of  that  of 
Bucks,  and  the  same  layer  of  phosphatic  nodules  is  found  at  its 
base,  at  Billington,  Stourbridge,  ancl  Eggington  The  Upper  Gault 
exposed  in  the  brickyards  of  Eggington  and  Fancourt  is  a  very 
marly  clay,  containing  about  50  per  cent,  of  carbonate  of  lime 
and  drying  to  a  very  light  grey  so  as  to  resemble  some  parts  of 
the  Chalk  Marl.  When  examined  under  the  microscope  this 
resemblance  is  found  to  be  a  real  one,  for  Mr.  W.  Hill  describes  it 
as  consisting  of  calcareous  matter  in  a  fine  state  of  division 
enclosing  many  small  calcareous  particles  which  are  probably 
shell-fragments  and  some  tests  of  foraminifera  (see  also  Chapter 
xxiv.).  This  light-grey  marl  passes  up  into  a  darker  grey  sandy 
and  micaceous  marl. 

When  followed  eastward  the  Upper  Gault  is  found  to  diminish 
rapidly  in  thickness,  so  that  the  basement  nodule-bed  is 
gradually  brought  nearer  and  nearer  to  the  Chalk.  A  nodule-bed 
surmoimtcd  by  light -grey  marly  clay  was  seen  in  a  shallow 
excavation  by  the  roadside  N.W.  of  Grange  Mill  near  Sharpenhoe. 
The  same  bed  crops  out  on  the  surface  north-west  of  Great  Faldo 
farm,  and  has  been  found  by  trial-borings  about  18  feet  below  the 
surface  of  the  ground  near  Brookend  and  not  far  from  the 
outcrop  of  the  nodule-bed  at  the  base  of  the  Chalk  Marl,  which 
bed  was  formerly  worked  for  "  coproUtes  "  at  this  place.  From 
these  facts  it  would  appear  that  the  thickness  of  the  Upper  Gault 
is  here  reduced  to  between  25  and  30  feet,  and  there  can  be  little 

*  See  Quart.  Joum.  Geol.  Soc.,  vol.  xx.  i.  p.  279  (1876). 
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doubt  that  the  Chalk  Marl  spreads  transgressively  across  the 
Upper  Gault  between  Barton  and  Higha  u  Gobion,  so  as  to  cut 
through  the  Gault  nodule-bed  and  rest  on  the  Lower  Gault  near 
Shillington. 

Upper  Greensand. 

The  soft  greensand,  which  dies  out  for  a  short  distance  in  East 
Bucks,  sets  in  again  to  the  west  of  Eddlesborough,  and  can  be 
traced  by  Eaton  Bray,  Totternhoe,  Tilsworth,  and  Katesliill.  It 
consists  of  fine  yellowish-grey  micaceous  sand  passing  up  into 
dark-green  glauconitic-sand,  which  in  turn  passes  up  into  the 
glauconitic  marl  that  forms  the  base  of  the  Chalk  Marl.  The 
extreme  thickness  of  the  Greensand  is  not  more  than  20  feet 

In  the  road-cutting  south  of  Kateshill  there  is  a  hard  calcareous 
shale  containing  Avicvla  grypliceoides  and  glauconitic  grains. 
Whether  this  is  a  bed  in  the  Greensand  or  at  the  base  of  the  Chalk 
Marl  is  difficult  to  say,  for  the  exposure  is  obscure  and  overgrown. 
The  land  to  the  eastward  is  covered  by  Drift,  so  that  the  exact 
place  where  the  Greensand  terminates  is  not  yet  known,  but  is 

Srobably  near  Charlton,  for  east  of  this  the  base  of  the  Chalk 
[arl  descends  to  a  lower  level  and  takes  on  the  character  of  the 
Cambridge  Greensand  or  nodule-bed. 

Cambridgeshire. 

The  Gault  of  Cambridgeshire  is  beUeved  to  belong  almost 
entirely  to  the  Lower  Gault.  At  or  near  its  base  there  is 
generally  a  layer  of  phosphatic  nodules  with  Ammonites  inter- 
rvjptvs,  but  there  is  no  evidence  that  the  zone  of  Am,  mam- 
miUatua  is  represented. 

In  the  highest  beds  at  Newnham  and  Barnwell  near  Cambridge 
one  or  two  specimens  of  Ammonites  rostratus  have  been  foimd; 
and  this  might  be  taken  to  indicate  that  the  Upper  Gault  comes 
in  there  if  we  did  not  bear  in  mind  that  this  and  other  Upper 
Gault  Ammonites  occur  not  infrequently  in  the  Lower  Gault  of 
Bucks  (see  p.  278).  In  the  absence  of  other  evidence  it  is  clearly 
unsafe  to  base  any  conclusion  on  the  occurrence  of  Ammonites 
rostratus  in  this  part  of  England ;  and  in  its  general  lithological 
characters  the  Cambridge  Gault  resembles  that  of  the  Lower  Gault 
elsewhere. 

The  upper  surface  of  the  Gault  is  eroded  and  worn  into  a  series 
of  irregular  hollows,  ridges,  and  troughs.  It  is  clear  that  a 
considerable  thickness  of  material  has  been  removed,  and  the 
riddlings  of  this  in  the  shape  of  phosphatic  nodules  and  fossils 
are  to  be  found  in  the  nodule-bed  at  the  base  of  the  overlying 
Chalk,  a  bed  which  was  formerly  called  Upper  Greensand  and  is 
Btill  often  spoken  of  as  the  Cambridge  Greensand. 

But  although  the  greater  part  of  the  Gault  in  Cambridgeshire 
belongs  undoubtedly  to  the  Lower  Gault,  there  are  some  facts 
which  indicate  the  probabihty  of  true  Upper  Gault  coming  in 
again  to  the  north-east  of  Cambridge. 

Some  suggestive  evidence  is  to  be  foimd  in  the  different 
assemblages  of  fossils  and  phosphate  nodules  that  are  found  in 
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the  Cambridge  coprolite-bed  at  different  localities  alonsf  its  course. 
Where  this  bed  first  setii-in  near  Barton  in  Bedfordshire  a  lai^e 
number  of  the  phosphates  are  light-gre}'  in  colour,  and  the  fossils, 
which  are  essentially  Upper  Gault  forms,  are  chiefly  among  these 
light-coloured  phosphates.  In  East  Bedfordshire  and  m  the 
extreme  south-west  of  Cambridgeshire  the  phosphates  are  very 
dark -coloured,  almost  black,  fossil  moUusca  are  ver}''  few  in 
number,  and   all  are  nuich  rolled  and  worn. 

In  the  neighbourhood  of  Cambridge  the  phosphates  are  still 
chiefly  black,  but  fossils  of  all  kinds  are  very  abundant,  and  they 
include  many  species  which  at  Folkestone  and  elsewhere  occur 
chiefly  in  the  upper  part  of  the  Lower  Gault.  This  facies  extends 
as  far  north  as  Horningsey ;  but  further  to  the  north-east,  where 
the  "  coprolite  bed  "  was  worked  beneath  the  border  of  the  fen- 
country  near  Swaffham  Prior,  Reach,  and  Burwell,  the  contents  of 
the  seam  had  a  different  aspect.  As  stated  in  the  inemoir  describ- 
ing this  area,^  the  phosphate  nodules  extracted  from  the  pits  of 
this  district  **  exhibited  different  characters  from  those  obtained 
hearer  Cambridge ;  there  was  a  much  greater  proportion  of  lighter- 
coloured  phosphates,  and  the  fossils  which  occurred  among  thesfe 
had  not  apparently  been  subjected  to  much  rolling^  but  retailed 
their  shells  in  a  more  perfect  state  than  iisilm;  !lWd)ratida] 
RhynchonellUy  and  Exogynt  being  especially  common  and  well 
preserved.  .  .  .  Amongst  the  darker  nodules  are  some  which 
nave  a  greenish  exterior,  and  the  whole  assemblage  has  a  dift'erent 
aspect  fi-om  those  [of  the  pits]  to  the  south,  as  if  resulting,  firlym 
the  erosion  of  diff'erently  constituted  beds  in  the  Gault"    '  *:, 

At  a  spot  in  the  fen  about  half  a  mile  north  of  Reach^  where 
coprolites  were  worked  in  1872-3,  the  Cambridge  Greensandwas 
only  a  few  feet  from  the  surface,  and  was  underlain  by  light-grey 
Gault ;  in  this  and  about  8  feet  below  the  Cambridge  bed  tnere 
had  been  discovered  another  layer  of  nodules,  and  both  were  worked 
at  the  same  time,  so  that  the  washed  heap  contained  nodules 
and  fossils  from  both  seams.  Many  of  the  nodules  were  light 
buff-coloured  phosphates,  which,  being  softer  than  the  black 
stones,  were  worn  in  the  washing  process  but  did  not  present  a 
Worn  appearance  in  the  unwashed  material.  The  fossils  were  all 
of  essentially  Upper  Gault  species,  and  the  following  were 
particularly  abundant :  Terehratukv  hiplicata,  Rkyvckonella 
sulcata,  and  Exogyra  rauliniana.  \ 

The  occurrence  of  such  a  bed  in  the  Gault  and  the  similarity 
between  the  fossils  in  the  Greensand  of  this  locality  and  those  in 
the  same  bed  at  Barton,  where  it  certainly  overlies  Upper  Gault, 
is  very  significant.  It  may  be  reasonably  inferred  that  tJie  Gault 
near  tleach  and  Soham,  though  only  90  feet  thick,  includes  clays 
which  belong  to  the  Upper  Gault  or  zone  of  Ammoniies  rostvdtus. 

With  respect  to  the  tnickness  of  the  Gault,  there  is  a  great 
diminution  in  its  rangd  through  Cambridgeshire,  but  there  is  also 
much  local  variation.  Many  Dorings  were  made  during  the  time 
that  the  phosphatic  nodules  were  dug  from  the  Cambridge 
(Jrefeli8and;'b.nd  many  of  these  are  recorded  in  the  Memoir  above 

^  "  Geology  Of  the  rieighbdurhood  6i  CambrtffgiB,*'  l88l,  p.  38. 
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quoted.  They  seem  to  show  that  besides  the  small  irregularities 
in  the  surfiice  of  the  Gault  there  are  more  extensive  hollows  on 
a  larger  scale,  the  bottoms  of  which  are  often  30  feet  lower  than 
the  intervening  ridges ;  this  is  especially  noticeable  at  Whaddon, 
Haslingfield,  and  Barnwell  near  (Jambridge. 

On  the  borders  of  Bedfordshire,  near  Ashwell  and  Guilden 
Morden,  the  Gault  is  never  less  than  180  feet  thick,  and  near 
Reach  and  Soham  it  is  never  more  than  100  feet,  but  between 
these  places  there  is  much  variation,  as  shown  in  the  following 
table : — 

Ashwell  and  Guilden  Morden      -        -        -        -  180  to  200  ft. 

Whaddon  and  Bassingbourn        -         -        -        -  115  „  170  „ 

Barrington  and  Shelf ord 150  „  170  „ 

Haslingfield  -        -        -        -        -        -        -  130  „  150  , 

Gran tchester  and  Cambridge       -        -        -        -  H*''^  „  130  ,» 

Barnwell  and  Coldham  Common         -        -        -  1 10  „  140  „ 

Horningsea  and  Bottisham about  120  „ 

Reach  and  Soham 90  to  100  „ 

The  following  is  an  account  of  a  recent  boring,  made  in  1897, 
at  Shepreth,  5  miles  N.E.  of  Royston,  for  Mr.  Gildca,  of  the  Rheo 
Valley  Cement  Works,  by  Mr.  G.  Ingold,  of  Bishop's  Stortford. 
The  account  is  drawn  up  from  particulars  furnished  by  Mr. 
Gildea,  and  from  an  inspection  of  specimens  in  the  possession  of 
Mr.  Ingold. 


Shepreth  Boring. 
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Sand,  gravel,  and  patches  of  marl  -        -        -        - 
^^ellowmarl 

liluish  marl 

Coprolite  bed  (Cambridge  greensand)  - 

'Blue  gault  (samples  of  light  grey  clay  from 
53,  77  and  127  feet) 

Hard  band  with  coprolites  (sample  of  buff- 
coloured  phosphate-nodules  from  155  feet)- 

Blue  gault  (samples  of  light-grey  clay  from 
160,  73,  and  175,  of  darker  grey  clay 
streaked  with  light  grey  from  189,  193, 
and  200  feet)      -        -        - 

Hard  band  with  coprolites  (large  lumps  of 
blackish  phosphate-nodules)      -        .        - 

.Very  hard  clay 

'Hard  green  sandy  clay  (sample  from  208,  not 
a  clay  but  a  coarse  i>eDbly  sand) 

Rock  (brown  quartz-sand  with  a  piece  of  a 
large  arenaceo-phosphatic  nodule) 

Compact  dark  greensand  (sample  of  rather 
coarse  yellow  sand  from  220  feet) 

Darker  loose  greensand  (sample  of  grey 
quartz-sand  from  235  feet)         .        -        . 

Dark  clayey  band  with  pyrites  nodules  (sam- 
ple from  238  feet  of  dark  grey  sand  mixed 
with  a  little  clay) 

^Loose  sand 

Shei)reth  is  a  mile  south  of  liarrington.    There  is  no  glauconite  in  the 
so-called  "  greensand  "  below  the  Gault. 
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These  facts  are  indicatxjcl  diagrammatically  in  Fig.  78,  which 
also  ^hows  the  probable  position  originally  occupied  by  the  Upper 
Gault  and  how  far  it  has  been  removed  by  subsequent  erosion. 

The  lower  portion  of  the  Gault  outcrop  and  its  boundary  line 
are  almost  entii^ely  concealed  by  Glacial  and  Post-glacial  deposits, 
being  only  traceable  lor  a  short  space  near  Gamlingay,  and  again 
by  Lolworth,  Oakington,  and  Cottenham. 

The  base  of  the  Gault  was  formerly  exposed  in  a  brickj^ard  300 
yards  west  of  Gamlingay  Station,  and  was  seen  by  Mr.  Teall  in 
1873,  who  says  "  the  upper  part  of  the  section  there  seen  consisted 
of  light-blue  Gault  witli  numerous  Ammonites  (^^t??.  intciTiiptus) 
and  nodules,  which  gradually  passed  downwards  into  yellow 
sand."^ 

The  base  of  the  Gault  emerges  from  the  Fens  near  Upware 
and  Spinny  Abbey  west  of  Soham,  and  an  excavation  was  made 
a  little  to  the  north  of  Upware  by  Mr.  H.  Keeping  in  18(58,^  the 
details  of  which  are  shown  in  Fig.  79,  reproduced  from  a 
drawing  subsequently  made  by  Mr.  W^  Keeping  and  published  in 
1883.3 

It  is  doubtful  whether  the  clay  without  fossils  (c)  really  belongs 

Fio.  78.     Diagram  to  sJtoio  erosion  of  Ga^dt  in  Cambridgeshire. 

'      -.^  CamhHdge.  Soham, 

«• .^ _^       ~  I 

{  n. — ^ili_^ -zZJLJLJJ^  ' ^' —  • 


Distance  about  30  miles. 

a.  a.  Original  top  of  Upi)cr  Gault.  b.  b.  Top  of  Lower  Cault. 

s.  s.  Present  surface  of  Gault. 

to  the  Gault,  as  Mr.  Keeping  supposed.  In  sections  subsequently 
exposed  by  the  "  coprolite  diggings,"  and  seen  by  Prof  Bonney 
and  myself,  the  nodule-bed  at  the  base  of  the  Gault  rested  on 
a  clayey  sand  Avhich  seemed  to  belong  rather  to  the  sands 
than  to  the  Gault*  In  one  of  these  sections  the  clay  with 
phosphatic  nodules  certainly  rested  irregularly  on  the  clayey 
sand.  The  fossils  foimd  here  by  Mr.  H.  Keeping  and  iWf 
Bonney  are  listed  below : — 

Ammonites  interruptus.  Nucula  ovata. 
Hamites  sp.  „      pectinata. 

lielenmites  attenuatus.  Inoceramus  concentrlcus. 

„         minimus.  Pecten  (Neithea)  5-costatus. 
Dentalium  ellipticum. 


*  "The  Potton  and  Wicken  Phosphatic  Deposits."   Sedgwick  Ihize  Essay, 
1875,  p.  24. 

^  Geol.  Mag.,  vol.  v.  p.  5572. 

*  The    Fc-sils   and    Palieontological    Affinities     of     the     Ncocomian 
Deposits  of  Upware  and  Brickhill,  Cambridge,"  1883,  pp.  3-7. 

*  See  "  Canioridgeshire  Gt olo^,"  by  Prof.  Bonney,  pp.  64,  G.'),  and  Mom. 
Geol.  Survey,  Expl.  of  Sheet  51  X.E.  and  N.W.,  p.  24. 
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No  Other  good  exposure  of  the  zone  of  Ammonites  interruptus 
has  been  seen,  but  auring  the  survey  of  the  district  phosphatic 
nodules  with  fragments  oithat  Ammonite  and  oiBelemnites  mini- 
vius  were  found  on  the  surface  of  the  fields  north-west  of 
Landbeach.  The  same  fossils  have  been  brought  up  from  near 
the  base  of  the  clay  in  boring  near  Haslingfield  and  (Jambridge. 

A  brickyard  at  Impington,  open  in  1876,  exposed  the  clay 
occurring  at  a  height  of  from  60  to  70  feet  above  the  base  of  the 
Gault,^  the  section  being  as  follows  : — 

Feet. 

Disturbed  clay  with  pockets  of  gravel 4 

Hard  grey  clay 10 

Layer  containing  phosphatic  nodules  ("  stony  spit ")         -        -    Oj 
Clean  dark  clay  with  fragments  of  Inocerami    -        -        -        -    6 

A  brickyard  at  Eversden  is  at  a  higher  horizon,  probably 
between  80  and  90  feet  from  the  base  and  40  or  50  feet  rrom  the 
local  top  of  the  Gault.  The  clay  here  is  dark  bluish-grev,  and 
includes  a  thin  layer,  not  quite  continuous,  of  dull  brick-reS  siltv 
clay  which  is  traversed  by  pipings  (  ?  annelid  borings)  filled  witn 
grey  silt.  Scattered  phospnatic  nodules  occur  and  a  few  fossil?, 
rentucriniis  Fltton'iDQmig  the  commonest. 

The  highest  part  of  the  Gault  is  well  exposed  in  the  brickyards 
at  Barnwell  near  Cambridge.  The  clay  here  is  sometimes  dug  to 
a  depth  of  50  or  60  feet,  and  the  deeper  part  is  said  to  be  umch 
darker  in  colour ;  the  upper  part  is  of  a  dark  slate  tint,  drying 
to  a  lighter  grey,  and  contains  many  small  phosphatic  noaules 
which  are  generally  grey  or  buff  outside  but  blackish  within  ; 
these  nodules  occur  frequently  along  definite  planes,  but  some  are 
scattered  throughout.  Ferruginous  concretions  also  occur,  which 
the  workmen  call  **  rug^-stones  ";  these  are  nodules  of  iron-pyrites 
which  have  become  oxidised  with  the  formation  of  small  crystals 
of  selenite,  the  interior  being  generally  filled  with  a  brown  powder. 

The  only  common  fossu  in  these  brickyards  is  Plicatula 
pectiiwides,  but  the  following  species  have  been  foimd  ^ : — 

Ichthyosaurus  (vertebrae).  Plicatula  pectinoides. 

Rhinochelys  (humenis).  Ostrea  sp. 

Cimolichthys  striatus.  Terebratula  biplicata. 

Ptychodus  (dorsal  spine).  Pseudodiadema  (spines). 

Ammonites  rostratus.  Trochocyathus  angulatus. 
Ammonites  raulinianus. 

At  Roslyn  Hole,  near  Ely,  a  large  mass  or  boulder  of  Gault  and 
Chalk   Marl   with   the  Cambridge  Greensand  occuiTcd  in  the 


*  This  is  inferred  from  the  depth  of  a  boring  at  Histon  Fruit  Mills,  where 
there  is  G5  feet  of  gravel  and  Gault. 
^  See  Bonney's  "  Cambridgeshire  Geology,"  p.  29  (1876). 
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boulder-clay,  and  the  following  fossils  have  l)ecn  recorded  from 
the  Gault  portion  of  it : — 

Ammonites  rostratua,  Inoceraniu-s  sulcatus. 

„  varicosiLs.  „  concentricus. 

Bclemnites  minimus.  Pern  a  sp. 


„  var.  attonuatus 

Cerithium  ornatissinum. 
Dentalium  ellipticum. 


Xucula  pectinata. 
Pentacnnus  Fittoni. 


Tn  one  of  the  southern  counties  this  assemblage  would  be 
rcjjarded  as  indicating  the  existence  of  Upper  Gault,  and  it  is 
quite  possible  (as  already  stated)  that  the  clav  immediately 
underlying  the  Cambridge  Greensand  between  Ely  and  Soham 
does  belong  to  the  zone  of  Aminonitea  rotftnUun. 


CHAPTER  XXI. 

GAULT  AND  RED  CHALK  (SELBORNIAN), 

IN  NORFOLK. 

Genekal  Descrhtion. 

Beyond  Sohaiii  the  Gault  passes  beneatli  the  Fenland  deposits 
of  Suttblk  and  West  Noifolk  and  is  concealed  for  a  distance  of 
about  14  miles.  It  emerges  again  near  Stoke  Ferry,  where  its 
thickness  has  been  proved  by  a  boring  made  near  the  railway- 
station  in  1883,  and  traversing  the  following  beds  : — 

Feet. 
Drift    -        -   Sand  and  water 25 


Gault  - 

Ij(>wer 
GreenHand 


/Blue  clay 56 

'  (Dark  green  sand 2 

Beds  of  r()(;k  and  s;u)d        -        -        -        -  15 


] 


114i 


There  is  no  doubt,  as  will  appear  from  the  secjuel,  that  lx>th 
Upper  and  Lower  Gault  are  represented  in  this  thickness  of  58 
feet,  and  it  is  probable  that  more  than  half  of  it  belongs  to  the 
Upper  division  or  zone  of  Aminmiites  rostratus  (see  Fig.  76). 
There  is  moreover  a  possibility  that  the  basal  zone  of  ATnmonites 
irvcbminiUatus  is  represented  in  the  green  sand  at  the  base. 

The  whole  of  the  Gaidt  clay  near  Stoke  and  Dereham  is  very 
marly,  and  the  upper  part  becomes  more  calcareous  northward ; 
this  marl  at  Grimston  and  Roydon  containing  as  much  as  66  per 
cent,  of  carbonate  of  lime,  and  having  in  it  a  layer  of  red  marl 
which  contains  from  64  to  69  per  cent.,  and  a  layer  of  limestone 
which  contains  about  89i  per  cent,  of  the  same  carbonate. 

When  the  Gault  is  followed  northward  the  marls  are  found  to 
thin  out,  and  at  Hunstanton  there  is  only  about  3i  feet  of 
red  earthy  limestone  between  the  lower  C'retaceous  sands  and 
the  Lower  Chalk.  This  limestone  is  known  as "  tlie  Red  Clutlk" 
and  it  naturally  became  a  question  whether  it  represents  the 
Gault  in  a  very  condensed  fonn,  or  whether  the  Gault  had 
entirely  thinned  out  and  disappeared,  the  red  rock  being  in  that 
case  the  local  base  of  the  Lower  Chalk. 

Tlie  history  of  opinion  on  this  q^uestion  is  a  long  one.  The  first  to 
express  an  opinion  wa.s  Professor  Sedgwick  in  1826,  who  believed  it  to 
represent  "  the  <'ambridge  Gait*  • "  tlie  same  view  was  held  by  0.  B. 
R(»se  in  1835,21)y  Fitton  m  1836,^  by  Davidson  in  1852,*  and  apparently 


'  Annals  of  Philosophy,  Ser.  2,  vol.  xi.  p.  342. 
2  Phil  M'AiX,  8er.  3,  vol.  vii.  pp.  172,  188,  275, 
^  Trans.  Gool.  Soc,  Scr.  2,  vol,  iv.  p.  312. 
*Br)t.  Cret,  Brach.  P8l«^om.  Roc.  p  2, 


GAULT:   NORFOLK. 


Fig.  RO.—Mit^  oj  outcrop  of 
Cretaceotts  Roeks  in  We»t  Suffotk 
and  Norfolk} 

(Reduced  from  the  mapa  of 
the  Geological  Survey.) 

Scale,  one  inch^eight  miles. 


W^      Fen  Beds. 


^iliJ      Chalk. 

m      Gault 

~l      Lower 


'  Quart.  Joum.  OeoLSoc.,vol. 
xliii.,  p.  646. 
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by  E.  F(>rhes  in  1859,^  and  by  the  Kcv.  T.  Wiltshire  in  1869.2  First  to 
dissent  was  Mr.  II.  (J.  Seeley  in  1861,'  who  considered  it  to  l)e  the 
cciuivalent  of  the  Ui^)er  Oreensand,  chieily  because  most  of  the  lied 
Chalk  fossils  occur  in  the  Cambridge  Oreensand  which  was  at  that  time 
supposed  to  Ikj  Upper  Oreensand. 

In  1876,  Dr.  C.  narrois  described  the  Hunstanton  section,  referring  the 
Red  Chalk  to  his  zone  of  Ammonites  inflatus  {i.e.  Upper  Oault),  consider- 
ing the  zone  of  Pecten  asjter  to  be  absent  so  that  the  former  zone  is 
succeeded  directly  by  the  basement-bed  of  the  Chalk  Marl.  This  was  a 
very  near  approximation  to  the  truth. 

In  1878  the  late  Mr.  John  Ounn  published  a  brief  note  on  the  red  chalk* 
in  which  he  maintained  that  the  fossils  "of  the  latest  type  must  be 
used  in  identifying  the  period "  of  the  bed,  suggested  that  the  Oault 
and  Orecnsiinci  s[)ecies  were  derived  fossils,  and  concluded  that  the 
rock  itself  formed  the  basement-bed  of  the  "true  chalk  series."  This 
view  was  adopted  and  amplified  by  Mr.  Whitaker  in  his  address  to 
the  Norwicii  (ieological  Society  in  \8SS.^  Mr.  Whitaker  discusses 
both  the  palseontological  and  the  stratigrapical  facts,  laying  stress  on 
the  number  of  fossils  which  do  not  elsewhere  occur  below  the  Chalk 
Marl. 

In  1886,  an  endeavour  was  made  by  Mr.  William  Hill  and  myself  to 
obtain  more  definite  and  detailed  stratigraphical  evidence  concerning 
the  relations  of  the  Chalk  Marl,  Oault,  and  Ked  Chalk  in  West  Norfolk, 
and  the  results  were  published  in  1887.°  In  this  jmper  it  was  claimed 
that  the  following  i>oints  had  been  ascertained  : — 

1.  That  the  soft  C/halk  Marl  thins  out  entirely  within  the  area  of 
Sheet  65  (before  reaching  Rovdon). 

2.  That  the  base  of  the  Chalk  Marl  at  Orimston,  Roydon,  is  a  hard 
cream-coloured  limestone,  wiiich  passes  northward  into  the  so-called 
"  sponge  bed  of  Hunstanton." 

3.  That  the  soft  grey  marl,  which  lies  below  this  hard  bed  at 
Roydon,  and  which  was  taken  to  be  part  of  the  Chalk  Marl  by  Mr. 
Whitaker  is  really  Oault,  and  that  it  contains  a  band  of  red  marl. 

4.  That  this  grey  marl  extends  as  far  north  as  Dersingham  where  it 
passes  down  into  a  bro^^^l  and  red  marly  clay  (about  four  feet  thick). 

We  infer  that  this  giey  and  red  marl  is  replaced  between 
Dersingham  and  Hea^ham  by  the  Red  Chalk,  and  consequently  that 
the  latter  is  the  nctual  stratigraphical  equivalent  of  the  OaiUt.  With 
regard  to  the  fossils,  they  cannot  accept  the  doctrine  that  those  of  the 
latest  type  or  highest  range  should  be  relied  on  as  guides  to  the  age  of 
the  bed.  We  regard  the  so-called  Chalk  sjyecies  found  in  the  Red 
Chalk  as  indicators  of  a  greater  depth  of  water  than  that  of  the 
southern  Oault,  and  point  to  the  occurrence  of  two  of  them,  viz.,  Ostrea 
curvirostris,  and  Tei^ehratulina  gracilis  [  =  triangidari8\  in  the  Norfolk 
Oault. 

It  may  be  observed  that  Prof.  Seeley's  palfleontolorical  argument 
lost  all  its  force  when  the  phosphatic  fossils  of  uie  Cambridge 
Greensand  were  proved  to  nave  been  derived  from  the  Gaiilt, 
and  when  that  bed  was  shown  to  be  the  base  of  the  Chalk  and 
not  a  representative  of  the  Upper  Greensand.  The  existence  of 
many  of  the  same  species  in  tne  Red  Chalk  and  among  the 

*  Catalogue  of  Rock  specimens  in  Jermyn  Street  Museum,  Ed.  2,  p.  86. 
2  Quart.  Journ.  Oeol.  Soc,  vol.  25,  p.  185. 


*  Jukes-Browne  and  W.  Hill  :  "On  the  lower  part  of  the  Ui)per 
Cretaceous  Series  in  West  Suffolk  and  Norfolk."  Quart.  Journ.  Oeol.  Soc., 
vol.  xliii.  pp.  544,  598. 
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Cambridge  phosphates  is  of  course  an  argument  for  the  Red 
Chalk  bemg  of  Gault  age. 

It  is  true  that  there  is  an  Upper  Greensand  element  in  the 
Red  Chalk,  because  part  of  that  Greensand  is  equivalent  to  the 
upper  part  of  the  Gault;  and  in  this  way  it  may  be  said  that  the 
Red  rock  represents  both  Gault  ana  Upper  Greensand,  but 
not  the  whole  of  the  latter. 

Dr.  Barrels  was  right  in  stating  that  the  zone  of  Pecten  asper 
is  wanting  in  Norfolk,  and  it  is  a  fact  that  in  the  north-west  of 
this  county  the  normal  succession  is  a  passage  from  Upper  Gault 
to  Chalk  Marl  without  any  development  of  Pecten  UJ^jyer  beds  or 
of  the  subzone  of  Sfauroiiema  Carferi. 

It  is  also  incontrovertible  that  the  Cephalopoda  of  the  Red 
Chalk  are  essentially  Gault  species,  that  tney  include  character- 
istic species  both  of  the  Lower  and  the  Upper  Gault,  and  that 
there  is  no  ground  for  supposing  any  of  them  to  be  derived. 

When  to  this  statement  it  is  added  that  none  of  the 
Cephalopods  which  are  characteristic  of  the  Chalk  Marl,  such  as 
Aminonites  varians,  Am.  Manfelliy  Scaphites  cequalis,  or 
Titrrilites  UtherciiUitiis,  have  ever  been  found  in  the  Red  Chalk, 
it  wiU  be  seen  that  the  reasons  for  regarding  this  red  limestone 
as  a  condensed  equivalent  of  the  Norfolk  Gault,  and  of  that 
alone,  are  very  strong. 

Stratigrapuical  Details. 
Gault. 

The  basement-beds  of  the  Gault  were  formerly  worked  at  West 
Dereham  between  Stoke  Ferry  and  Downham  Market.  The 
workings  were  seen  by  me  in  June,  1874,  and  a  little  later  by  Mr. 
Teall,  who  published  an  account  of  them  in  1875,^  the  spot 
where  they  were  first  worked  being  about  half  a  mile  west  of  the 
church.     Here  the  beds  exposed  were  as  follows : — 

6.  Surface  soil  with  flints  lying  irregularly  on  the  clay. 

4.  Light  bluish  clay  with  Ammonites  interruptusy  T>assing  down  into 

grey  clay  mottled  with  whitish  streaks,  and  containing  many 

phosphatic  nodules^  5  or  6  feet. 
3.  Lignt-brown    sand   with   phosphatic   concretions   and  numerous 

fossils,  about  1  foot. 
2.  Hard  sandstone  also  containing  phosphatic  concretions,  ft  or  6 

inches. 
1.  Reddish  sand  below,  but  not  exposed. 

The  beds  dug  for  the  phosphatic  nodules  were  3  and  the  lower 
part  of  4,  and  the  fossils  were  of  course  mixed  in  the  washed  heap, 
out  Mr.  Teall  refers  3  to  the  zone  of  AminonUe^  mavumilUitihs 
and  there  can  be  no  doubt  that  4  belongs  to  the  zone  of  Avu 
intei^iiptua. 


*  "The   Potton  and  Wicken   Phosphatic  DeiK)sits"  (Sedgwick    Prize 
ES&ay),  pp  20  to  2i. 
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Mr.  Teall  observes,  "  There  is  no  break  between  (3)  and  (4),  the 
sand  gradually  becoming  tiner  and  more*  argillaceous  until  it  is 
replaced  entirely  by  the  grey  clay,  and  ....  the  nodules 
are  not  derived  but  are  simply  portions  of  the  matrix  highly 
charged  with  phosphatic  matter.  Thus  where  the  matrix  is  a 
coarse  sand  the  nodules  are  of  coarse  sand,  and  where  the  matrix 
is  a  fine  clay  the  nodules  are  of  the  same  material" 

Mr.  W.  Keeping  visited  the  locality  in  1876  and  found  a 
deeper  excavation  in  consequence  of  the  nodule-beds  having 
been  followed  fiu-ther  to  the  eastward  so  that  10  feet  of  clay 
was  exposed.  He  describes  the  nodules  in  the  clay  as  of 
the  usual  Gault  type,  while  those  in  the  underlying  sand  "  are 
rather  large  rounied  nodules,  but  unworn  and  oi  two  kinds,  (1) 
those  of  a  dirty  white  colour,  and  (2)  the  dark-green  ones.  .  .  . 
Breaking  a  nodule  to  expose  a  freshly-fractured  surface,  we  see 
it  is  a  quartzose  .  .  .  sandstone  of  varying  coarseness,  the 
grains  cemented  together  bv  a  dense  matrix  of  phosphate  of 
nine  and  iron-oxide.  The  d.ark-green  nodules  are  of  an  older 
date  of  origin,  for  they  are  frequently  included  within  the  paler 
ones.  .  .  .  The  fossils  are  principally  in  the  state  of  internal 
casts  in  a  dark  variety  of  phosphate.  ^ 

Mr.  Keeping  also  separated  the  fossils  of  the  Gault  clay  from 
those  of  the  sand,  and  gave  the  following  lists : — 

1.  From  the  clay.  2.  From  the  sand. 

Ammonites  interruptus.  Ammonites  Beudanti. 

„  sj)lendens.  Pleurotomaria. 

Ilamites  (2  species).  Solarium. 

Belemnites  atteniiatus.  AiKjrrhais. 

Inoceramus  concentricus.  Cyprina  ligeriensis. 

„  sulcatus.  „        sp. 

Nucula  pectinata.  Pecten  orbicularis. 

„       (Neithea)  Morrisi. 
Spondylus  sp. 

In  1886  I  visited  West  Dereham  again  and  found  other 
excavations  which  showed  quite  a  difterent  succession  from  that 
at  the  spot  where  the  first  pits  were  opened  in  1874  and  1876. 
The  new  pits  were  in  a  field  about  a  mile  W.N.W.  of  the  church, 
and  the  section  at  the  N.E.  end  of  the  trench  wiis  as  follows  : — 

Ft,  in, 

p  1.  f  Bluish-pcrey  clay,  marly  and  drying  light-grey  -  110 
uauiD  I  Y)d,vk  sandy  clay  with  phosphatic  nodules-  -  0  9 
Lower  Greensand.     Brownish  sand,  seen  for   -        -     2  to  3      0 

Here  there  was  only  one  nodule-bed  instead  of  two,  and  this 
was  distinctly  at  the  base  of  the  Gault,  for  it  rested  unevenly  on 
the  underlying  brown  sand,  and  consisted  of  clay  mixed  mth 
grains  of  quartz  and  glauconite  and  passing  up  mto  the  clean 
clay  above.  The  phosphatic  nodules  were  very  dark,  nearly 
black,  and  of  the  sandy  variety,  some  enclosing  large  grains  of 
sand.     Fossils  were  not  abundant,  except  fragments  of  Ammo- 

■■^■■-  —    ■■  ■■        .1  I        ■        1^     I  ■    ■■   wi  ■■■  ^■l  ■■■■»!    ■  ■!  I  ^  III  »■  I       .  ■        ■    ■— — ii   »i  m  t^      m  — — ^—  ■   ■■  ■»    i» 

»  *'T}ie  Foft^ils  of  Upware,  &c.  "  (Sedgwick  Pri7*e  E>Ffty,  1883)  pp.  ll-lg. 
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nites  Beiulantiy  and  pieces  of  wood  often  bored  by  Pholas. 
Another  pit  near  the  main  road  five-eighths  of  a  mile  south-west 
of  the  church  showed  a  similar  section. 

The  foUo^ving  species  were  found  on  the  washed  heaps : — 

Ammonites  Beudanti,  Terebratula  pnelonga. 

These  pits  were  visited  by  Mr.  C.  Reid  in  the  same  year,  who 
specially  collected  fossils  from  the  marly  clay ;  these  weru 
identified  by  Mr.  G.  Shannan,  and  they  give  the  following  list  ^ : — 

Pycnodus  sp.  Ostrea  acutirostris. 
Odontaspis  gracilis.  „       vesicularia. 

Cimolicbthys  striatu.s.  Inoceramus  concentricus. 

Beryx  sp.  Jjima. 

Ammonites  interruptus.  Nucula  pectinata. 

Hamites  sp.  Pecten  orbicularis. 
Belemnites  attenuatus.  „      quinquecostatus. 

„         minimus.  Plicatula  pectinoidCvS. 

„         ultiraus.  Pholadidea  (in  wood). 

Dentalium  ellipticum.  lihynclionella. 

Anomia.  Terebratula  biplicata. 

Exogyra  haliotoidea.  Pseudodiadema  (spine). 

Pentacrinus  Fittoni. 

Near  "  Muzzle  Farm,"  about  a  mile  west  of  West  Dereham 
there  is  a  small  outlier  of  Gault  in  which  is  an  old  clay-pit,  and 
from  this  the  following:  fossils  have  been  obtained  by  Mr.  Reid 
and  Mr.  W.  Hill.  The  Ammonites  only  occurred  below  the  present 
floor  of  the  pit,  and  were  obtained  by  digging. 

Ammonites  interruptus.  Plicatula  pectinoides. 

Belemnites  attenuatus.  Kingena  lima. 

,,  minimus.  Terebratula  biplicata. 

NautUus  sp.  Terebratulina  gracilis. 
Inoceramus  concentricus.  [1  =  trian^ilaris.] 

Ostrea  vesicularis.  Pentacrinus  Fittoni. 

Nucula  pectinata.  Pseudodiadema  (spines). 

The  higher  beds  near  Wereham  consist  of  a  marly  clay  which 
hius  a  bright  bluLsh-grey  tint  when  damp,  but  dries  to  a  light 
grey  and  then  much  resembles  Chalk  Marl.  So  light-coloured 
ana  marly  indeed  is  the  whole  of  the  Gault  in  this  district  that 
it  wtis  suggested  by  Messrs.  Reid  and  Sharman  in  1886  that  it 
was  not  Gault  but  Chalk  Marl.^  Careful  examination  of  the 
district  and  search  for  fossils  showed  that  this  view  could  not  be 
maintained,  but  that  the  Chalk  Marl  was  fully  developed  above 
the  Gault  and  had  at  its  base  a  layer  of  sandy  glauconitic  marl 
resting  directly  on  the  blue  marly  clay.^ 

The  succession  is  strikingly  similar  to  that  near  Tottemhoe 
and  Fancourt  in  Bedfordshire,  just  before  the  setting  in  of  the 


*  See  Geol.  Mag,  Dec.  3,  vol.  iii.  p.  57.  See  also  "  Geology  of  South-western 
Norfolk,"  Mem.  Geol.  Survey,  p.  26  (1893). 

2  See  Geol.  Mag.  Dec.  III.,  vol.  iii„  }).  5ft. 

^  See  Geol.  Mag.  Dec.  TIL,  vol.  iv„  p.  74,  aurt  Quart,  Journ,  Geol  Soc, 
vol.  xliii.,  p.  549,  ft  fft<f. 
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Cambridge  Grecnsand,   where   the  calciireoiis  Upper  Gault  is 
directly  succeeded  by  a  sandy  glauconitic   bed   without  phos- 

E hates  at  the  bjise  of  the  Chalk  Marl.  From  these  facts  and 
•om  other  evidence  a  little  further  north  we  may  safely  infer 
that  the  upper  portion  of  the  Norfolk  Gault  is  equivalent  to  the 
Upper  Gault  of  Bedford  and  Bucks  and  that  it  had  not  suiFered 
erosion  before  the  deposition  of  the  Chalk  Marl. 

No  good  exposures  of  the  Upper  Gault  (zone  of  ATyimonites 
rostr(ftitfi)  have  been  seen  near  Dereham,  but  lit  miles  further 
north  part  of  it  is  exposed  in  a  shallow  railway-cutting  near 
Roydon,  north-east  of  Grimston  Road  Station,  and  consists  of 
the  following  beds  : — 

Soil  and  grey  marl 

Pale  yellowish-grey  limestone,  -        -        -        -    about 

Grey  marly  clay, 

Eeddish-pmk  marl, 

Grey  marl,  -        -  .        .         - 

Hard  bluish-grey  limestone,       .        .        -        - 
Dark-grey  marly  clay, 


Ft. 

in. 

1 

? 

0 

8 

0 

4 

1 

2 

2 

0 

0 

10 

5 

0 

10    0 

The  same  succession  can  be  made  out  in  the  watercourse  of 
the  brook  west  of  Grimston  church,  and  in  that  below  Sow's 
Head  spring,  with  the  addition  of  some  thickness  (perhaps  12 
feet)  of  grey  marly  clay,  with  occasional  Belemnites,  above  the 
upper  hinestone  bed.  In  the  lower  limestone  at  these  three 
localities  the  following  fossils  were  foimd  by  Mr.  W.  Hill  and 
identified  by  me : — 

Belemnites  minimus.  Inoccramus  concentricus. 
Ammonites  lautus.  „  sulcatus. 

„  rostratus.  Tercbratula  biplicata. 

varicosus.  Pentacrinus  Fittoni. 


A  little  further  north,  in  a  small  quarry  about  half  a  mile  N.N.E. 
of  Roydon  church,  a  boring  was  made  in  1886  for  and  tfnder  the 
superintendence  of  Mr.  Hill.  This  passed  completely  through 
the  Gault,  and  prove<l  it  to  be  less  than  20  feet  tidck.  The 
section  obtained  fcy  clearing  and  digging  below  the  pit  face  and 
by  boring  was  as  follows  : — 

Feet  in. 
'Hard  greyish  gritty  chalk,  with  green-coated  nodules 

at  its  base  (the  Inoceramus  bed)    -        -        -        -    6    0 

Chalks  Very    hard    cream- white    chalk,    becoming  yellower 

downward    and    passing    into    the    bed     below 

as  layers  or  lumps  separated  by  marl     - 

I  Tough  jijrey  marly  clay  ^ith  Belertmifes         .        .        - 

I  Yellowish   marly    clay,    stained    and  blotched    with 

r\     u  '         red,  one  dra\nng  of  the  auger  (5  inches)  being 

^-*^^^*^  1         mostly  red      -        - 

Bluish-grey  clay,  becoming  darker  below,  sandy  and 

almost  black  at  the  base 

Lower  Grecnsand  (Cars tone).     Brown  sandstone  proved  to 

33     3 


5 

6 

10 

0 

1 

9 

7 

0 

3 

0 
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No  hard  beds  were  noted  in  boring,  but  subsequent 
examination  of  the  cores  showed  that  one  layer  of  hard  calcareous 
material  had  been  passed  through. 

Another  boring  was  made  at  the  same  time  in  the  chalk-pit 
at  Dersingham,  about  four  miles  further  north,  and  a  hard 
whitish  limestone,  similar  to  that  at  Iloydon,  was  found  at  the 
l?ase  of  the  Chalk,  below  which  the  boring  proved  the  following 
beds : — 

Feet. 

nather  soft  greyish-white  marl,  drying  white         -        -  2 

Pale-yellow  marl,  hard  and  compact  at  first,  becoming 

softer  and  browner  and  passing  into  next        -        -  24-3 

Red  clayey  marl,  rather  hard,  streaked  with  tawny- 
brown  and  sandy  near  the  base       -        -        .        -  2-2^ 

Carstone,  proved  for \\ 

It  will  be  noticed  that  the  total  thickness  of  the  Gault  here  is 
only  seven  feet;  that  the  uppermost  light- grey  marl  has 
thinned  from  10  feet  (at  Roydon)  to  2  feet,  and  has  become 
still  more  calcareous,  and  that  the  blue  clay  of  Roydon  has 
apparently  passed  into  red  clayey  marl. 

rrobably  this  condition  of  brown  and  red  marl  extends  as  far 
as  Ingoldisthorpe,  for  Dr.  Fitton  says  that  at  that  place  "  I  myself 
have  seen  that  the  red  stratum  is  immediately  succeeded  by  sand, 
the  blue  beds  being  wanting,"  and  yet  in  his  Ust  of  fossils  from 
the  Gault  he  mentions  Ainmonites  dentatiis  (i.e.  interruptus) 
"  in  grey  sandy  clay,  In^oldsthorpe,"  and  *'  Belemnites  ininimuSy 
Ingoldisthorpe,  in  very  light  grey  marl,  with  an  Inoceramus."  ^ 

The  record  of  a  boring  at  Holkham  Hall,  between  12  and 
13  miles  east  of  Hunstanton,  is  invested  with  a  fresh  interest 
by  these  later  researches  into  the  composition  of  the  Gault  in 
West  Norfolk  This  boring  was  completed  in  1867,  but  no 
detailed  account  of  it  was  published  till  1878,  when  Mr.  Whitaker 
obtained  the  following  particulars  from  Mr.  ^hellabear,  agent  to 
Lord  Leicester  ^ : — 

Feet. 
Drift    -    Gravel 20 

n\.^^^r     /Chalk  with  flints 519 

i^nalJc     i  Chalk  without  flints 116 

n«„if      J  Red  Marl 8 

^*^*^      1  Blue  Gault 10 

Lower     |  Very  hard  bed  of  sandstone  [?  base  of  Gault]       -         Oi 
Green8and\ Sandstone,  Sand,  and  Carstone    -        -        -        -        69$ 
]      -    Stiff  clay  touched  at  the  bottom.  — 

743 

Mr.  Whitaker  remarked : — "  The  chief  interest  of  the  under- 
groimd  section  thus  gained  is  perhaps  the  occurrence  of  the  bed 
described  as  'Red  Marl,*  which  seems  to  be  the  well-known 
*  Red  Chalk,'  at  the  base  of  the  Chalk,  and  overlying  a  bed 
described  as  Gault."  I  cannot  but  think  that  if  the  bed  here 
met  with  had  been  as  hard  as  the  Red  Chalk  of  Hunstanton  the 

*  See  Trans.  Geol.  Soc,  Sen  2,  vol.  iv.  pp.  312,  316,  317. 

*  See  Proc.  Norwich  Geol.  Soc,  Part  1,  p  16  (1878). 
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well-borer  would  not  have  called  it  "  red  marl " ;  and  as  we 
now  know  that  re  I  marl  and  blue  gault  are  associated  with  one 
another  between  Grimston  and  Dersingham,  it  is  more  probable 
that  the  beds  under  Holkham  are  a  continuation  of  the  marly 
facies  of  the  formation  and  not  of  the  chalky  Hunstanton  facies. 


Red  Chalk. 

From  Ingoldisthorpc  northward  to  Hunstanton  the  place  of 
the  Gault  is  taken  by  the  Red  Chalk,  an  earthy  ferruginous 
limestone  containing  about  80  per  cent,  of  carbonate  of  lime. 
As  this  has  not  bjcn  utilised  for  any  commercial  purpose  the 
inland  exposures  are  few  and  small.  It  was  formerly  visible  in 
the  cartway  leading  into  the  chalk-pit  south-east  ot  Heacham, 
but  is  not  seen  in  the  pit  itself.  It  is  also  exposed  at  Snettisham 
and  in  a  chalk-pit  near  Hunstanton  Station,  but  the  only  good 
section  of  it  is  tliat  in  the  cliffs  to  the  northward,  and  it  is  to 
this  that  the  following  account  relates.  Near  the  pier  the  Red 
Rock  is  at  tho  summit  of  the  cliff,  but  it  gradually  descends  as 

Six)nge  Bed, 

Red  earth. 
^  Red  Rock. 


Fu/.  81.     Diaffram  to  sh'nv  the  Rtructure  and  relations  of  the  Red  CJitilk 

at  Hunstanton, 

the  cliff'  trends  eastward,  till  it  comes  down  to  the  beach  near 
Old  Hunstanton.     ' 

The  Red  Rock  at  Hunstanton  is  about  four  feet  thick,  possibly 
rather  less  in  places,  but  it  fonns  a  very  even  and  regular,  as  well 
jis  conspicuous,  band  along  the  cliff*  face.  It  rests  evenly  upon 
the  surtiice  of  the  Carstone,  without  any  signs  of  erosion  oeyond 
the  presence  in  its  lower  portion  of  numerous  quartz  grains,  largo 
and  small,  like  those  which  compose  the  imderiying  sandstone. 

It  forms  a  single  massive  bed,  not  laminated  nor  divisible  into 
separate  layers,  but  at  the  same  time  it  is  by  no  means  of  homo- 

fjeneous  composition  throughout.  Its  basal  portion  is  softer  and 
ess  calcareous  than  the  rest,  being  also  much  more  sandy,  and 
of  a  deep  brick-red  colour.  The  central  part  of  the  rock  (from  20 
to  24  inches)  is  a  dark  red,  rough  and  nodular  limestone  \^nth  few 
large  quartz-grains,  but  contaminff  many  fossils.  (See  Fig.  81). 
The  highest  part,  about  a  foot  thick,  is  a  hard  light  red  or  pink 
limest)ne  mottled  with  white,  and  is  probably  more  calcareous 
than  the  rest. 

The  upper  surface  of  the  red  limestone  is  a  7iiarked  plane  of 
division,  and  the  rock  is  separated  from  the  overlying  Cnalk  by 
an  irregular  seam  of  dark  red  ferruginous  earth  which  swells  out 
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here  and  there,  and  appears  to  fill  spaces  caused  by  inequalities 
in  the  under  surface  ol  the  Chalk. 

Some  observers  have  thought  that  the  difterent  portions  of  the 
Red  Rock  contained  a  difterent  set  of  fossils,  but,  so  far  as  our 
experience  goes,  the  difterence  is  chiefly  a  matter  of  relative 
abundance,  Belemnites  inininiiis  and  Terebratula  hi])llcata  being 
most  abundant  in  the  lower  part,  while  the  highest  part  yields 
many  specimens  of  Inoceraini  and  of  Exogyra  haliotoidea.  I 
am  not  aware^  however,  that  any  Ammonites  have  been  found  in 
the  highest  part. 

The  higher  part  of  the  Red  Chalk  also  exhibits  some  of  the 
cylindrical  and  branching  bodies  which  have  been  regarded  as 

Earts  of  a  Sponge,  and  named  Sponyia  -paradox tea.  Portions, 
owever,  that  have  been  sliced  and  examined  under  a  micro- 
scope show  no  sponge-structure  nor  any  other  kind  of  organic 
structure.  Prof.  T.  J\IcK.  Hughes  has  discussed  these  curious 
bodies,  and  concludes  that  they  are  probably  "  merely  concretions 
owing  their  symmetry  of  form  and  reguL^rity  of  anangement  to 
rock  structure,  which  is  more  obvious  in  the  clift*  than  in  hand 
specimens."^  They  are  still  more  abundant  in  the  overlying 
bed,  to  which  the  name  "  Sponge  Bed  "  has  in  consequence  been 
given  by  some  writers. 

The  seam  of  dark  red  earth  is  in  places  worked  out  by  the 
waves,  and  hollow  spaces  are  left  in  conseqiience.  In  some  oi 
these  hollows  brown  sand  has  been  found,  and  it  has  been 
supposed  by  some  observers  thdt  this  sand  was  deposited  there 
with  the  red  earth,  but  we  think  the  sand  has  been  washed  up 
and  driven  in  by  the  sea- waves. 

A  list  of  the  fossils  which  have  been  found  in  the  Red  Chalk 
of  Hunstanton  has  been  given  separately  in  the  *  Geology  of  the 
Borders  of  the  Wash "  (Mem.  Geol.  Survey),  and  will  also  be 
found  in  the  Appendix  at  the  end  of  this  volume. 

Many  analyses  of  the  Red  Chalk  of  this  locality  have  been 
made  at  difterent  times,  and  these  have  been  collocted  and 
published  in  the  memoir  above  referred  to.  From  thei-e  we  learn 
that  the  rock  contains  a  variable  amount  of  peroxide  of  iron ; 
the  hard  red  nodular  portions  conta-in  as  much  as  from  37  to  42 
per  cent,  of  ferric  oxide,  with  only  40  to  50  per  cent,  of  carbonate 
of  lime.  Ordinary  samples  of  the  central  part  yield  about  80  per 
cent,  of  carbonate  of  lime,  8  to  10  per  cent,  oi  foiric  oxide,  and 
9  to  10  per  cent,  of  siliceous  matter.  The  higher  and  lighter 
coloured  portion  has  from  82  to  84  of  carbonate  of  lime,  6  or 
7  of  iron   oxide,  and  7  or  8  of  siliceous  matter.     (See  p.  322.) 

These  analyses  prove  the  colouring  matter  of  the  rock  to  be 
peroxide  of  iron,  but  whether  this  was  deposited  with  the  chalky 
material,  or  has  resulted  from  the  alteration  of  some  originnl 
ingredient,  or  has  been  subsequently  introduced  is  much  less 
eiisy  to  determine.  The  analyses  also  show  that  the  ferruginous 
material  is  something  more  than  a  stain,  fc  r  very  little  of  such 
peroxide  is  sutficient  to  colour  a  rock  red,  2  per  cent,  being 


*  Quart.  Jouru.  (jleol.  Soc.,  vol.  xl.,  p.  270. 
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enough;  the  quantity  present  in  Rod  Chalk  shows  it  to  be  a 
CO  istituent  of  the  rock,  either  original  or  altered  or  introduced. 

It  the  Rod  (-halk  occurred  only  where  it  was  underlain  by 
Carstone  or  lorruginous  sand  of  any  kind,  it  might  be  thought 
th:\t  the  peroxide  had  been  derivecf  from  that  rock,  for  the  red 
layers  at  tlie  base  of  the  Gault  in  Sussex  (p.  115)  and  near  Leigliton 
Buzzard  (p.  285)  seem  to  have  been  coloured  in  tliis  way.  But  in 
the  case  of  the  Red  Chalk  the  iron  can  hardly  have  been  so 
derived,  because  the  bed  is  still  red  in  those  parts  of  Yorkshire 
where  it  rests  on  the  Speeton  and  the  Jurassic  clays.^ 

It  has  been  suggested  tliat  the  red  oxide  has  come  from  the 
thin  layer  of  that  material  which  overlies  the  Red  Chalk  at 
Hunstanton,  and  this  view  liiuk  some  support  in  the  fact  that 
layers  of  dark  red  marl  frequently  occur  between  the  layers  of  red 
rock  in  Lincolnshire.  It  is  quite  possible  that  some  colour  has 
sprijad  from  these  layers,  but  as  pointed  out  by  Prof.  H.  G. 
Seeley  the  darkest  part  of  the  Hunst<inton  bed  is  the  lowest,  and 
not  that  in  contact  with  the  supposed  source  of  the  colour. 

Prof.  Seeley  has  suggested  -  that  the  coloration  is  due  to  the 
decomposition  of  glauconite,  and  it  must  be  admitted  that  this  is 
a  possible  source  of  the  peroxide.  Mr.  Hill  finds  that  grains 
which  seom  to  have  been  glauconite  are  frequent  in  the  rock, 
and  that  in  most  cases  they  are  altered  into  a  dark  brown  sub- 
stance which  is  probably  peroxide  of  iron.  But  if  these  grains 
were  glauconite,  now  did  they  (jome  to  be  so  completely  decoin- 
posrjd  and  oxidised,  when  glauconite  in  other  Cretiiceous  rocks  is 
seldom  decomposed  except  where  exposed  to  the  action  of 
organic  acids  near  the  surface  of  the  groimd  ?  This  point  was 
not  discussed  by  Prof.  Seeley. 

If,  however,  the  glauconite  wtis  gradually  oxidised  during  the 
acciunulation  of  the  material  which  is  now  Red  Chalk,  the  facts 
become  more  comprehensible.  The  possibility  of  this  will  be 
admitted  when  one  remembers  that  the  length  of  time  required 
for  the  formation  of  this  four  feet  of  rod  rock  w-as  the  same  as 
that  required  for  the  deposition  of  200  to  300  feet  of  Gault  and 
Malmstone  in  the  Midland  counties.  The  accunmlation  of  the 
material  of  the  Red  Chalk  must  have  been  so  very  slow  that 
there  would  have  been  ample  time  for  the  decomposition  of  the 
small  included  grains  of  glauconite  before  they  w^ere  protected  by 
a  sufficient  covering  of  deposit. 


*  See,  however,  notes  on  relations  of  Jura.ssic  iron-ores  to  clays,  IT.  B. 
Woodward,  Jurassic  Rocks  of  Britain,  vol.  v.,  p.  Z'2G. 
2  Ann.  Mag.  Nat.  Hist.,  Ser.  3,  vol.  vii.,  p.  2:^3,  18G1. 


CHAPTER  XXII. 

RED  CHALK   (SELBORNIAN)  IN  LINCOLNSHIRE 

AND  YORKSHIRE. 

1.  Bed  Chalk  in  Lincolnshire. 

Crossing  the  Wash  and  a  portion  of  the  Lincohishire 
Marshland  we  find  the  outcrop  of  the  Red  Chalk  again  near 
Gunby.  This  distance  from  Hunstanton  to  Gunby  is  about 
30  mues,  and  in  this  distance  the  thickness  of  the  red  limestone 
has  increased  to  about  12  feet. 

Below  it  are  coarse  yellow  and  brown  sands,  known  by  the 
name  of  Carstone  and  doubtless  the  equivalent  of  the  Carstone 
of  Norfolk,  i.e.j  the  upper  part  of  the  N^orfolk  Lower  Greensand. 
At  the  Southern  end  of  the  Lincolnshire  Wolds  this  Carstone  is 
40  feet  thick,  but  it  disappears  entirely  in  the  Northern  part  of 
the  county,  either  by  thinning  out  or  by  an  overlap  of  the  Red 
Chalk. 

Up  to  1886  the  Carstone  was  regarded  as  belonging  to  the 
Lower  Cretaceous  Scries,  but  in  that  year  Mr.  Strahan  ^  ^ave  some 
reasons  for  considering  it  as  the  base  of  the  Upper  Cretaceous 
Series,  behoving  it  to  be  more  closely  connected  with  the  Red 
Chalk  than  with  the  beds  below.  This  view  was  adopted  by 
Mr.  Lamplugh  in  1896,^  who  places  the  upper  portion  of  it  in 
his  zone  of  Beleinnites  Tiiinimxi^  with  the  Rea  Chalk.  With 
these  views,  however,  I  cannot  concur. 

Both  writers  lay  stress  on  the  apparent  passage  between  the 
Carstone  and  Red  Chalk,  but  though  there  appears  to  be  a 
passage  I  believe  the  latter  creeps  across  the  former,  for  there  is 
a  much  greater  thickness  of  Carstone  in  the  Thoresway  valley 
than  there  is  at  Acre  House  on  the  escarpment,  and  I  regard  its 
disappearance  northward  as  a  matter  of  overlap.^ 

At  the  top  of  the  Carstone  there  is  in  some  places  a  sort  of  passage- 
bed  in  the  shape  of  a  sandy  clay  of  varying  colour  which 
contains  Belemnites  miniinus  and  Terd)ratuiri  htpUcatay  and  this 
I  regard  as  the  base  of  the  Upper  Cretaceous  Series. 

There  is  of  course  no  reason  why  a  zone  of  Ammonites  mam- 
millatiis  should  not  exist  in  Lincolnshire,  and  it  is  a  fact  that 
the  sand  immediately  below  the  gritty  clay  above-mentioned  con- 


[uart.  Journ.  Geol.  Soc,  vol.  xlii.,  p.  486. 

iuart.  Joum.  Geol.  Soc,  vol,  lii.,  p.  211. 
3  See  Note  on  p.  110  of  the  Explanation  of  Sheet  86  Mem.  Geol.  fi^urvoy 
(1890) :  also  Geology  of  CJountry  around  Lincoln  (Geol.  Survey),  Chapter  X  , 
by  A  btrahan. 

1980  U 
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tains  arenaceo-pliosphatic  nodules  like  those  found  in  that  zone  at 
Folkestone,  but  if  tliiit  Ammonite  were  found  at  the  top  of 
the  Carstone  it  would  not  oblige  us  to  transfer  the  whole  of  the 
Carstone  to  the  Gault,  any  more  than  its  existence  at  Folkestone 
involves  the  removal  of  the  Folkestone  beds  as  a  whole  from  the 
Lower  Cretaceous  Scries. 

At  present,  however,  there  is  no  proof  that  any  portion  of  the 
Carstone  should  be  dissociated  from  the  rest,  and  tiie  verdict  on 
the  view  held  by  Mr.  Strahan  and  Mr.  Lamplugh  nuist  be  one  of 
"not  proven,"  just  as  in  the  case  of  the  "Carstone"  of  the  Isle 
of  Wight.     (Seep.  127). 

Upwards  the  Red  Chalk  passes  into  a  pink  or  yellowish  pink 
limestone,  which  resembles,  and  occupies  the  place  of,  the 
"  Sponge-lx*d  "  of  Hunstanton.  In  many  places,  but  not  in  all, 
the  pink  beds  are  separated  from  the  red  by  a  thin  layer  of 
red  shalv  marl. 

The  main  outcrop  of  the  Red  Chalk  fonns  a  very  irregular 
line  along  the  border  of  the  Chalk  Wolds,  but  its  general  trend 
is  from  south-east  to  north-west.  Owing  also  to  the  depth  of 
the  valleys  hy  which  the  Wolds  are  dissected  the  Red  Chalk  and 
the  underlymg  beds  are  exposed  in  a  number  of  inliers  at 
varjang  distances  from  the  main  line  of  escarpment.  The  chief 
of  these  are  (1)  between  Claxby  and  Ulceby,  (2)  near  Swaby,  (3) 
at  Ketsby,  (4)  a  large  irregular  tract  by  Worlabv,  Rucldand, 
Farforth  and  Oxcomb,  (5)  a  small  one  at  Withcall,  (6)  at 
Stainton  and  Thorpe-le-mire,  (7)  the  Thoresway  valley,  (8)  the 
Roth  well  valley. 

Stratigraphical  Details. 

The  upper  part  of  the  Red  Chalk  is  exposed  in  several  of  the 
quarries  between  Gunby  and  Candlesby,  and  good  sections  of 
tne  lower  beds  are  visible  near  Dalby  and  Langton. 

A  road-cutting  freshly  made  in  1881  above  Dalby  Hall  (see 
Fig.  82)  showed  the  following  beds : — 

Feet, 
Hard  nodular  red  limestone  in  beds  divided  by  layers  of 

red  clayey-marl 8 

Stiff  greenish  sand  ^rith  many  phosphatic  nodules  -        -        1 
Coarse  yellowish  brown  sand  -        -        -         up  to      16 

The  beds  arc  broken  by  several  faults,  and  the  thicknesses 
mentioned  are  the  maxima  exposed  at  different  spots. 

At  Langton,  north  of  the  Hall,  is  a  large  quarry  in  the  Carstone 
which  also  shows  its  junction  with  the  Red  Chalk  thus : — 

Feet. 

.  rRed  nodular  chalk,  with  deep-red  partings  of  marly  clay, 
'g^  I  and  cont«\ining  black  grains,  up  to  .  -  -  - 
PhjS  ll^ed  clay  with  yellow  streaks,  Jklemnites  minimuB  and 


6 


^    \     Tereb  rat  Ilia  hiplicata,  and  some  phosphatic  nodules      -        1 
Tough  sandy  clay,  yellow,  red,  and  green,  with  cylindrical 

concretions 2} 

^  /Loose  sand  with  a  few  small  pebbles  and  a  layer  of 

9  I     whitish  sandy  phosphatic  concretions    -        -        -        -        2 

"^  (  Coarse  brown  sand  with  rolled  brown  phosphatic  nodules 

scattered  throughout      -        -        -        .        -        -        -        8 
^  Brown  sandstone  with  darker  ironstone  veins  -        -        -      18 
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A  complete  section  through  the  Red  Chalk  is  to  be  found  in  a 
small  (juarry  by  the  roadside  north  of  Sutterby,  where,  below  the 
yellowish-pink  bed,  which  may  be  taken  as  the  base  of  the  Lower 
Chalk,  there  is  about  12  teet  referable  to  the  Selbornian 
divisible  as  follows : — 

Feet, 
3.  Light-red   chalk,    in    nodular    lumps    embedded    in 

r^d  argillaceous  marl 5 

2.  Dark-red  chalk  in  beds  divided  by  thin  layers  of  red 

shaly  clay,  the  lower  beds  more  argillaceous  and 

passing  into  next. 5 

1.  Keid  sandy  clay  containing  small  grains  of  quartz  and 

lydian  stone. 2 

Belemnites  Tninimics  is  common  in  No.  2  and  abundant  in  1. 
AviciUd  grypfvcBoidea  is  common  in  3.  TerehrntuUv  bijdicata 
occurs  throughout.  Ter.  capillata  was  found  both  in  1  and  2. 
Ter.  8einiglmoact,  Inoeeraviu^s  tenuis,  Plica tuht  inlniirui,  and 
Ostrea  vehicular  is  occurred  in  2  and  3. 

There  are  many  other  exposures  in  the  country  west  of  Alford 
and  Louth,  but  it  is  unnecessary  to  mention  more  than  two  as  of 
special  interest.  The  first  of  these  is  in  a  small  inlier  at  Withcall, 
three  miles  S.E.  of  Louth,  and  this  only  shows  two  feet  of  rubbly 


>» 


Fig.  82.    Road-cutting  at  Dalby^  Lincolnshire, 


■*r    ..  .  _     ■ 


Lower  Chalk 


8.  Red  Chalk  (Selbornian).      2.  Greenish  Sand.      1.  Carstone. 

F.  Faults. 

red  chalk  resting  upon  Carstone,  but  is  important  as  the  place 
where  Mr.  Hill  found  a  specimen  of  AmTrimntes  infprruptus,  the 
only  Anmionite  hitherto  obtained  in  the  Red  Chalk  of  Lincolnshire. 
A  little  further  to  the  S.E.,  at  the  western  end  of  the  Withcall 
Tunnel,  Mr.  Strahan  noted  is  a  fine  section  through  the  Red 
Chalk  and  the  Carstone,  as  given  below : — 

Ft.  in, 

20    0 

"  Pink  and  yellow  chalk,  and  pale-red  chalk 

below 50 

Red  shaly  parting 0    4 

Dark-red  cnalk 2  10 

Red  shaly  parting      -        -        -        -        -    0    6 

1  Dark  red  nodular  chalk,  with  quartz  grains 
and  flakes  of  ferric  oxide.    Tere&i'atula 
biplicata  andBel,  minimus  are  abundant.     1    6 
Rea  marl  with  grains  of  quartz  and  ferric 
oxide,  Belemnites  numerous  -        -    1    0 

Greenish  -  yellow   sandy    clay    with   arenaceo-phosphatic 
concretions         ---------    o    9-10 

Carstone — ^yellow  and  brown  sand,  about     -        -        -        -  35    0 


Red  Chalk, 
about 
11  feet 


about  67    0 
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Whether  the  yellowish  sandy  clay  should  be  included  in  the 
Red  Chalk  is  a  doubtful  point. 

From  this  locality  northward  the  thickness  of  the  red  beds 

begins  to  diminish.     A  section  in  the  Stainton  inlier  showed  a 

total  thickness   of  8 J   feet;    near   Otby   its    thickness    is   only 

about  six  feet.     At  Thoresway  above  the  spring  near  the  churcn 

is  the  following  section : — 

Fett. 
White  chalk  with  a  pink  bed  at  ba*se  -  -  -  -  -  3 
p^  J  1^11  j  Nodular  red  chalk  in  sevei*al  beds  -  -  -  -  5 
^^^^  ^"^**^1  Dark-red  marl  with  Belemnites  -  .  ,  -  i 
Yellow  marly  sand  with  phosjihatic  lumps  .  -  -  -  -  1 
Carstoney  coarse  yellow  and  brown  sands 20 

In  Nettleton  Dale  there  is  about  four  feet  of  Red  Chalk  which 
seems  to  rest  directly  on  sandstone  with  little  if  any  red  or 
vellow  marl  between. 

At  and  North  of  Caistor  the  thickness  remains  about  the  sa^ne, 
varying  between  four  and  five  feet.  At  Audleby  the  Carstone  is 
overlapped,  and  the  Red  Chalk  rests  on  the  Tealby  Beds.  A  little 
further  north  it  rests  on  Kimeridgo  Clay,  but  at  Melton  the 
Spilsby  Sandstone  intervenes,  and  at  Elsham  this  sandstone 
is  separated  from  the  Red  rock  by  two  or  three  feet  of  Tealby 
clay,  the  j miction  here  being  clearly  an  uncomfonnable  one. 
Beyond  this  the  substratum  is  everywhere  Kimeridge  Clay. 

There  is  therefore  no  question  aoout  the  unconformity  of  the 
Red  Chalk  to  the  lower  portion  of  the  Lower  Cretaceous  Series, 
and  as  there  is  no  proof  of  a  break  between  the  Tealby  Beds  and 
the  Carstone,  the  facts  are  most  naturally  explained  by  a  break 
above  the  Carstone  with  overlap  of  the  Red  Chalk. 

In  the  north  of  Lincolnshire  there  are  no  good  exposures  of 
the  Red  Chalk,  and  its  outcrop  on  the  Humber  is  concealed  by 
Drift. 

The  following  fossils  have  been  found  in  the  Red  Chalk  of 
Lincolnshire,  but  more  prolonged  collecting  would  probably  add 
to  the  list : — 

Ammonites  interruptus.  Inoceramus  tenuis. 
Belemnitcs  minimus.  „  sp. 

„  ,,    yar.  attenuatus.  Kingeua  lima. 

Avicula  gryphjuoides.  Rhynchonella  lineolata. 

Ostrea  vcsicularis.  Terebratula  biplicata. 
Plicatula  minima.  „  capillata. 

Spondyhis  truncatus  ?.  „  semiglobosa. 

J  'ecten  (Neithea)  quinquecostatus.  Serpula  sp. 

2.  Red  Chalk  in  Yorkshire. 

The  representative  of  the  Selbornian  in  Yorkshire  exhibits 
greater  litnological  variation  than  its  equivalent  in  Lincolnshire. 
Starting  with  a  thickness  and  general  cnaracters  similar  to  those 
ol  the  beds  in  North  Lincolnshire  it  thins  gradually  to  the  north- 
west till  it  is  reduced  to  a  bed  of  gritty  radish-yellow  limestone 
only  two  feet  thick  with  a  sandy  and  pebbly  basement-bed 
varying  in  thickness  from  6  to  18  inches. 
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Again  passing  eastward  along  the  northern  border  of  the  Wolds 
the  formation  changes,  the  limestone  becomes  thicker,  less  gritty, 
and  more  argillaceous,  passing  gradiially  into  astift'red  marl,  with 
nodular  lumps  of  more  chalky  material,  which  has  at  Speeton  a 
thickness  of  30  feet.  Moreover  there  are  at  its  base  several  feet 
of  red  and  brown  clays  which  seem  to  form  a  passage  between  it 
and  the  Speeton  Clay  series  below.  These  brown  clays  remind  us 
of  the  similar  matenal  proved  by  the  boring  at  Dcrsingham  in 
Norfolk,  and  the  overlying  red  marl  will  compare  with  the  red  bed 
in  the  Upper  Gault  of  Roydon  and  Grimston,  but  is  much  less 
calcareous ;  even  the  higher  part  onjy  contains  68  per  cent,  of 
carbonates,  and  of  this  amount  8*46  per  cent,  are  carbonate  of 
magnesia  {see  p.  326). 

Statigraphical  Details. 

The  following  account  of  the  principal  exposures  of  the  Red 
Chalk  in  Yorkshire  is  chiefly  taken  from  Mr.  W.  Hill's  paper, 
with  some  notes  from  those  by  Prof.  J.  F.  Blake,-  Mr.  G.  W' 
Lamplugh,^  and  other  observers. 

On  the  north  side  of  the  Humber  the  Red  Chalk  is  first  seen 
at  Welton  Springs,  but  the  first  good  section  is  in  the  railway- 
cutting  about  a  mile  east  of  South  Cave,  between  the  two  short 
tunnels.  Mr.  Hill  says,  "  Here  it  is  seen  to  be  about  7  feet  thick 
and  is  of  a  grey  colour  in  the  centre.  Belevinites  ^minimus 
occurs  commonly.  It  may  bo  said  to  rest  on  Kimeridge  C-lay, 
but  between  it  and  this  formation  can  bo  seen  at  intervals  a  thm 
layer  of  yellowish  very  tine  sandy  material  containing  roimdish 
concretionary  nodules  of  ironstone  which  show  when  broken  a 
slightly  oolitic  structure."  This  appears  to  pass  up  into  red  clay. 
The  section  is  now  somewhat  obscured  by  weathenng  and  by  the 
facing  of  the  embankment,  but  Messrs.  Middlemiss  and  Keeping, 
who  saw  it  when  fresher,  give  the  following  succession  * : — 

Feet,  in. 

Nodular  red  chalk 16 

Pale  [?  pink]  nodular  chalk 13 

Clayey  red  chalk 0    6 

Grey  nodular  chalk 10 

Red  chalk 0    3 

Yellowish-green  clay 0    9 

Unotuous  r^d  cl^y 16 

6    9 

North  of  Market  Weighton  and  just  south  of  the  railway  the 
base  of  the  Red  Chalk,  here  very  conglomeratic,  can  be  seen 
resting  on  the  clays  and  ironstone  of  the  Lias. 

Many  small  exposures  occur  by  Millington  Springs  and  in 

*  **  On  the  Lower  Beds  of  the  Upi>er  Cretaceous  Series  in  lincolnshire  and 
Yorkshire,"  Quart.  Journ.  Geol.  Soc,  vol.  xliv.  p.  333. 

2Proc.  Geol.  Assoc,  vol.  v.  p.  247  (1878). 

3  Quart  Journ.  Geol.  Soc,  vol.  lii.,  p.  179  (189fi). 

*  Ueol  Mag.,  Dec  2,  vol.  x.  p,  218. 
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dark-coloured  oolitic  grains,  and  small  lumps  of  oolitic  iron- 
stone. This  layer  is  not  more  than  six  inches  thick,  and  rests  on 
Oxford  Clay. 

On  the  south-west  side  of  the  outlier  on  which  Wharram 
Grange  Farm  stands,  Mr.  Hill  found  an  exposure  wliich  appears 
to  exhibit  the  most  attenuated  form  of  the  Red  Chalk.  Its 
thickness  is  not  more  than  18  inches,  and  the  deep-red  colour  is 
gone.  The  bed  consists  of  a  very  hard,  dirty  yellow  con- 
glomeratic limestone,  which  is  here  and  there  streaked  or  mottled 
by  rusty-brown  stainings.  It  is  full  of  large  fi-agmcnts  of  oolitic 
ironstone  with  many  quartz  and  separate  oolitic  grains.  It  is 
also  very  fossiliferous,  containing  Belemnites  minimus,  Terebra- 
tula  biplicata,  Ter,  capillatay  and  Cardirisfer  aithorbiculai^  in 
some  abundance ;  also  badly  preserved  fragments  of  Ammonites, 
which  seem  to  belong  to  Aminonites  aiiritxis  or  its  varieties. 

From  this  locality  the  Red  Chalk  appears  to  thicken 
southwards,  northwards,  and  eastwards,  for  Prof.  Blake  records  a 
section  near  Wharram  Station  a  little  more  than  a  mile  to  the 
E.S.E.,  where  there  is  two  feet  of  yellowish-red  chalk  passing 
down  into  li  feet  of  argillaceous  and  ferruginous  grit.  Again, 
only  five  miles  to  the  N.X.E.,  on  Scragglesthorpc  Brow,  Mr. 
Fox-Stran^ays  has  seen  10  feet  of  Red  Chalk  exposed. 

At  the  time  of  Mr.  Hill's  visit  it  was  difficult  to  estimate  the 
thickness  at  the  latter  place,  but  he  describes  it  as  resembling  the 
Red  Chalk  of  Speeton  rather  than  that  along  the  western  bordci* 
of  the  Wolds;  being  smoother,  deep-red  m  colour,  and  not 
containing  any  mineral  fragments,  except  perhaps  at  the  basei 
which  was  not  exposed. 

Rather  more  than  five  miles  to  the  east  of  this,  at  East  Hesler- 
ton,  Mr.  Fox-Strangways  records  a  well-boring  which  passed 
through  the  following  beds  ^ : — 

Feet. 

Chalk 50 

Red  clay         - 25 

Black  clay 92 

He  has  no  doubt  that  the  "  red  clay  "  is  the  Speeton  type  of 
**  red  chalk,"  i.e.,  red  argillaceous  marl. 

Between  this  and  Speeton  no  good  sections  are  now  ojjen,  but 
Messrs.  Young  and  Bird  describe  a  section  at  Knaptoii  m  terms 
which  leave  no  doubt  that  there  was  here  a  passage  from  the 
Speeton  Clay  into  red  marl,  as  at  Speeton.^ 

The  Red  Marl  of  Speeton  has  been  described  by  many  writers, 
notably  by  Prof.  Wiltshire,  Prof  Blake,  and  Mr.  W.  Hill  *.  and  its 

t*  unction  with  the  beds  below  has  been  noticed  more  particularly 
>y  Mr.  C.  J.  A.  Mover  in  1869  and  bv  Mr.  G.  W.  Lamplugh  in 
1889. 

In  1869,  Mr.  Mever  brieflv  described  •*  a  section  seen  by  him 


*  The  Geology  of  Scarboroiigli,  Mem.  Oeol.  Survey,  1880,  p.  2«. 
2  See  "Geological  Survey  of  the  Yorkshire  Coast,"  2ud  Eclit ion  (1828), 
p.  62,  and  G.  W.  Jjamplugh  in  Quart.  Journ.  Geol.  Soc,  vol.  lii.  p.  IF.'). 
^  Geol.  Mag.,  vol.  vi.  p.  13. 
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in  September,  1868,  on  the  south  side  of  Speeton  Beck,  which 
exposed  the  junction  -  beds  and  showed  a  complete  passage 
downwanl  from  the  red  marl  into  the  black  clays.  His 
description  may  be  summarised  as  follows : — 

"Ked  Chalk"  with  Terehmtula  bijdicata,  Belemnites  miminus^ 
Vermicularia  PhiUij^sii,  and  other  fossil.^  4  feet. 

Pale  reddish  clay,  with  Jjuxeramus  sulcatum  and  JJel.  mi  minus,  shoMt 
2  feet,  i>assing  down  into  black  clays  with  BeL  semicanalicu- 
hitus,  seen  for  5  feet. 

Mr.  Hill  in  1888^  "was  unable  to  find  the  actual,  junction  of 
the  Red  Chalk  with  the  Speeton  Clay." 

It   was   reserved   for   Mr.  Lamplugh  in  1889-  to  settle  the 

question  and  to  confirm  Mr.  Meyers  observation  by  recording 

several   exposures   where  the  passage-beds  were  visible  in  that 

year.     The  sequence  seen  by  Mr.  Ijamplugh  along  the  cliff  foot 

about  350  yards  from  Speeton  Gap  was : — 

Ft.  in. 

Red  Chalk,  slipped  and  crushed 

Mottled  marly  shale  with  bright-creen  streaks       -        -20 
I)ull  reddish  clay  with  yellow  and  green  streaks    -        -06 

Streaked  brown  gritty  marl 0   3 

Briglit  yellow  and  green  seam  with  eroded  nodules        *     0    3 

Striped  brownish  shaly  clay 0    6 

Black  clay  seen  for  about 3    0 

(>    G 

The   black   clay   cont^iin.s   /iei.  st/uicanaliculatus  only  ;  froni  the  bedij 
above  he  ohtaiued  (Jault  fossils,  namely  : — 

Helemnites  minimus  and  vars.  Nucidu  pectinata  ( 

IniK^eiumus  concentricu.s.  Lingula  np, 

Incx'eramurt  sulcatus.  Verinicularia    elongata   (Bean. 

IncKcranius  sp.  (a  larger  form).  M.S.). 

Ostrea  sp.  Fish  scalesi 

Avicula  rauliniana  ] 

"  In  this  section,"  says  Mr.  Lamplugh,  "  the  green  and  yellow 
gritty  bed  with  nodules  forms  a  very  strikmg  and  distinct 
norizon,  .  ,  .  Ix^ing  full  of  nodules  that  look  as  though  they  might 
be  derivatives  and  frecjuently  present  a  curiously  pitted  and 
partially  decomposed  surface,  as  if  through  erosion.  These  are 
often  coated  thickly  with  gritty  green  matter  (probably  glauconite) 
and  sometimes  fonn  a  centre  from  which  springs  a  mass  of  radiating 
crystals  (solenite)  which  completely  surrounds  the  nodule  in  a 
layer  from  an  inch  to  three  inches  thick." 

Of  the  overlying  marls  he  says  they  seem  to  contain  "  much 
extraneous  gritty  matter,  and  all  are  streaked  and  dabbled  u-ith 
glauconite.  In  the  dull  red  band  small  smooth  pebbles  (lydites) 
not  larger  than  duck-shot  have  been  observed." 

"  The  possibility  of  a  representative  of  the  (lault  other  than  the 
Red  (Uialk  exi.stiug  at  the  top  of  the  Sp<»eton  Clay  has  been  onee 
or  twice  suggested,  but  has  been  ivgardediis  untenable.     In  these 


*  Quart.  Jouni.  ( Jcol.  Soi-.,  vol.  xliv.,  p.  liZb, 

*  Quart.  Journ.  Geol.  Soc.,  vol.  xlv.,  p.  603. 
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beds,  however,  we  have  probably  a  representative  of  the  Lower, 
while  the  Red  Chalk  itself  may  represent  the  Upper  division  of 
the  Gault." 

Above  these  variegated  marls,  there  is  about  30  feet  of  deep-red 
marly  chalk.  The  lowest  ten  feet  are  seldom  seen,  being 
generally  covered  by  slips,  bilt  Mr.  W.  Hill  informs  me  that  this 
part  has  a  somewnat  oedded  appearance,  though  in  places 
decidedly  nodular. 

The  central  part  is  more  distinctly  nodular,  the  nodules  being 
simply  potatO'like  lumps  of  a  harder  and  more  calcareous 
material  than  the  soft  marl  in  which  they  lie.  There  are  also 
some  layers  in  which  the  nodules  are  greyish- white.  In  the 
upper  part,  this  nodular  character  gradually  dies  away,  and  the 
uppermost  four  feet  consist  of  a  smooth,  firm,  or  moderately  hard 
marl,  rather  paler  in  colour  than  that  below. 

Belemnites  are  most  abimdant  in  the  lower  part,  are  seldom 
seen  in  the  middle,  but  occur  occasionally  in  the  top  font  feet. 


LIST  OF  FOSSILS  FROM  THE  RED  CHALK  OF 

YORKSHIRE. 

This  list  has  been  compiled  from  the  following  sources  ;— 

1.  Phillips' Geology  of  Yorkshire.  Parti.,  third  edition.  (1875.)  Lists 
of  fossils. 

8.  Wiltshire,  The  Red  Chalk  of  England.  Proc.  Geol.  Assoc,  (separate 
l)ai>er),  and  Geologist,  vol.  ii.  n.  201.  On  the  Rod  Chalk  of  Hun- 
stanton.   Quart.  Journ.  Geol.  Soc,  vol.  xxv.  p.  18.5. 

3..  J.  F.  Blake,  Geol.  Mag.,  Dec.  2,  vol.  i.  p.  302,  and  Proc.  Geol.  Assoc, 
vol.  v.,  J).  232. 

4.  Ch.  Ikrrois,  Rocherches  sur  le  Terr.  Cret.  Sup.  p.  191.    (1870.) 

T).  W.  Hill,  Quart.  Journ.  Geol.  Soc,  vol.  xliv.,  p.  347. 
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Yorkshire 
Wolds. 


Speeton. 


Mollusca. 
Ammonites  auritus  ?,  Sow. 

„  Deshayesi,  Leyia.  - 

„  rostratus,  Sow. 

Belenmites  minimus,  List 
Nautilus  elegans,  Sow^  (?  albensis). 

sp.      -        -        - 
Avicula  grypliaeoides,  Sow. 
Exogyra  rauliniana,  iff  Orb. 
Ostrea  canaliculata,  Sow. 
„      vesicularis,  aSV/w.    - 
„      vesiculosa,  Sow.     - 
Pecten  Beaveri,  Sow. 
Plicatula  iiectinoides.  Sow. 
Inoceramus  Crispi,  J/attf. 
„  sulcatus,  Park. 

,.  tenuis,  Mant. 

Spondylus  gibbo«us,  cPOrh. 
„         striaturi  ?,  Sow. 


X 
X 
X 
X 
X 
X 
X 


X 
X 


X 
X 
X 
X 
X 


X 
X 
X 
X 
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Yorkflhire 
Wolds. 

Speeton. 

Brachiopoda, 

Kingena  liuia,  Defr.  -        -        - 

X 

X 

Rliynchonella  lineolata,  PAi7.  -        -        -        - 
„           sulcata,  Park.     -        -        -        - 

— 

X 

X 

X 

„           latissima  (?  sulcata).   - 

X 

— 

Terebratula  biplicata,  Sow,       -        -        -        - 

X 

X 

„          capillata,  d'Arch.   -        -        -        - 

X 

X 

„          seini^lobosa,  Sow.  -        -        -        - 

X 

X 

„          sulci  t era  ?  Morris. 

X 

X 

Terebratulina  triangulaiis,  Eth.        -        -        - 
„           striata,  Ward.     - 

X 

X 

— 

X 

Polyzoa. 

ProN)scina  dilatata,  dOrb. 

— 

X 

Ceriopora  spongitis,  Goldf.       .        -        .        - 

— 

X 

Crustacea. 

rollicipea  unguis.  Sow. 

— 

X 

C'ytherella  ovata,  Eoni. 

— 

X 

Echinoderma  ta. 

Cidaris  gaultina,  Forbes. 

— 

X 

Torynocrinus  rugosus,  Seeley.   -        -        -        - 

X 

— 

Holaster  suborbicularis,  Defr.  .        -        .        - 

X 

X 

Pentacrinus  Fittoni,  Aust        -        -        -        - 

— 

X 

Annelida. 

8erpula  concava,  Smv. 

— 

X 

„      uinbonata,  Sotv.          .        .        .        . 

^^ 

X 

The  Foraminifera  found  in  the  Red  Chalk  of  Speeton  have  been  identi- 
fied and  catalogued  by  Messrs.  Burrows,  Sherbom^  and  Bailejr  in  the 
Journ.  Roy.  Micr.  Soc.  for  1890,  p.  549,  and  their  list  is  embodied  in  our 
general  list  (p.  481). 

Mr.  F.  Chapman  has  compared  the  Foraminifera  found  in  the  Red 
Chalk  of  Yorkshire  and  Norfolk  with  those  of  the  Folkestone  Qault  and 
the  Chalk  Marl  of  Folkestone.  He  records  86  species  from  the  Red  Chalk. 
**  Of  these,  52,  or  a  little  more  than  6()  j>er  cent,  have  been  found  in  the 
(tault  of  Folkestone.  In  the  Lower  Gault  38  Red  Chalk  forms  occur; 
whilst  in  the  Upper  (iault  (zones  VIII,  to  XIII,)  we  find  48  species  common 
to  this  and  the  Red  Chalk  ;  or  44  per  cent,  and  nearly  56  per  cent, 
respectively." 

Of  the  86  Red  Chalk  sjxjcies  only  25  were  found  in  Bed  II.  of  the  Chalk 
Marl  in  East  wear  Bay,  and  Mr.  Chai)man  concludes  that  the  conditions 
under  which  the  Red  Chalk  was  deiwsited  were  similar  to  those  prevailing 
during  the  formation  of  the  Upi>er  Gault  at  Folkestone.  He  adds, 
*'  there  is  a  marked  absence  of  shallow  water  and  coarsely-ffrown  are- 
naceous Foraminifera  in  the  Red  Chalk,  quite  unlike  the  assemblage  found 
in  the  Chalk  Marls." 

It  is  interesting  to  find  that  the  foraminiferal  fauna  of  the  Red  Chalk  links 
it  more  closely  with  the  Upi)er  Gault  of  Folkestone  than  with  the  Chalk 
Marl  of  that  locality,  but  we  feel  bound  to  j)oint  out  that  Folkestone 
is  a  long  way  from  Norfolk,  and  the  number  of  species  common  to  the  Red 
Chalk  and  the  beds  which  immediately  overlie  it  may  be  greater  than  the 
number  common  to  the  former  and  the  Chalk  Marl  of  Kent.  We  hope 
Mr.  Chapman  may  some  day  be  able  to  compare  the  Foraminifera  of  the  Red 
Chalk  with  those  of  the  Gault  and  of  the  Lower  Chalk  of  Norfolk. 


CHAPTER  XXIII. 


CHEMICAL    ANALYSES    OF    GAULT    CLAYS,    RED 

CHALKS,  AND  MALMSTONES. 

Analyses  .of  OaiQt  Clays. 

Very  few  analyses  of  Gault  clays  have  hitherto  been  published, 
but  the  following  pages  contain  the  particulars  of  no  less  than  24 
separate  analyses.  Some  of  these  have  been  collected  from 
various  publications  ;  some  have  been  recently  put  at  our  disposal, 
and  four  have  been  specially  made  for  us,  by  our  friend  Prol 
J.  B.  Harrison,  Chemist  to  the  Colonial  Government  of  British 
Guiana,  from  samples  which  we  sent  out  to  him. 

Of  the  analyses  which  follow,  some  were  made  for  commercial 
purposes  only  and  do  not  take  note  of  the  minor  and  less 
important  ingredients,  such  as  Phosphoric  Acid,  Sulphuric  Acid 
ana  the  Alkalis ;  others,  such  as  those  by  Prof.  Harrison,  Messrs. 
Paine  and  Way,  and  Mr.  P.  G.  Sanford,  are  much  more  complete. 

Analyses  of  phosphatic  nodules  from  the  Gault  will  be  toxmd 
in  the  Chapter  on  Economics. 

Two  partial  analyses  of  samples  from  the  Gault  of  Folkestone  were 
made  by  Mr.  W.  H.  Hudleston  for  Mr.  F.  G.  H.  Price,  and  published 
by  the  latter  in  his  mper  on  the  Gault  of  Folkestone.*  The  first  is  from 
the  Lower  Gault  (Bed  II.)  and  the  second  from  the  Upi)er  Gault 
(Bed  XL). 


Dried  at  100"  C 


Water  and  organic  matter 

Carbonate  of  lime 

Silica,  silicates,  oxides  of  irou,^  pyrites,  <fec. 
Chloride  of  soaium   .     -        -        -        - 
Carbonate  of  magnesia  (traces) 
Sulphuric  acid        .  -        .        . 

Phosphoric  acid  (traces)  -        -        -        - 


6-76 
26-45 
65*95 

•81 

04 

100-00 


Of  the  tabular  ironstone  found  in  Bed  III.  Mr.  Hudleston  re|)orted  that 
it  was  "  a  clay  ironstone  free  from  grit"  The  bulk  of  the  mass  consists  of 
of  jiulverulant  carbonate  of  lime,  ferrous  carbonate,  and  extremely  fine 
I)articles  of  clay,  with  about  2  per  cent,  of  pyrites. 


The  amount  of  meUillic  iron  (principally  as  protoxide) 
Add  for  iron  in  combination  with  sulphur,  say  - 


29-40 
100 

30-40 


*  Quart.  Joum,  Geol.  Soc.,  vol.  xxx.  p.  342. 

'  Metallic  iron  4*25  per  cent,  in  A,  2*55  per  cent,  in  B. 
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The  following  are  analyses  of  the  Upi)er  Gault  clays  in  the  Medway 
Valley  ;  No.  1  being  an  analysis  by  Dr.  A.  Voelcker  of  a  specimen  of  clay 
from  the  pit  of  the  West  Kent  Cement  Works,  Ayleaford.*  No.  2  is  of 
the  Ganlt  used  for  brickmaking  at  Burham.*  No.  3  is  of  a  "Medway 
Gault/'  locality  not  specified.^ 


Water 

Organic  matter   -        -        - 
Carlx)nate  of  lime 
Oxide  of  iron 

Alumina      .        -        -        - 
Magnesia  and  alkalis  - 
Insoluble  siliceous  matter  - 


1 


2 


} 


4*09 

2P97 

403 

l'2'(y[) 

•88 

56-34 


6*68 
5-01 

18-91 
5-00 

20-42 
•45 

42-92 


100-00 


99-39 


24-95 
607 

16-06 
618* 

46-61 


99-87 


For  the  following  analyses  of  the  Gault  clays  dug  at  Burham  we  are 
indebted  to  the  Chairman  and  Manager  of  the  Burham  Lime  and  Cement 
Company  (7,  Nicholas  I^ane,  Lombard  Street).  The  analyses  were  made  by 
IMessrs.  Stanger  and  Blount,  of  Broadway,  Westminster.  The  samples 
supplied  were  from  the  beds  known  in  the  clay  pit  as  I.  (Top  white), 
II.  (Bottom  white),  III.  (Top  blue),  and  IV.  (Bottom  blue).  Nos.  I.  and  II. 
are  from  the  licht-grey  clays  at  the  toi)  of  the  pit  (see  ante,  page  89),  and 
Nos.  III.  and  IV.  are  from  the  blue  clays,  the  laiJt  being  presumably  from 
near  the  bottom  of  the  section.     The  samples  were  drie<l  at  212"  F. 


Insoluble  matter  (silicates) 
Ferric  oxide  and  Alumina 
Lime    .     *        -        ■        - 
Magnesia   -        -.       -        - 
Carbonic  anhydride* 
Combined  W^ater  and  Loss 


*  (.Corresponding  to  C-alcium  carlK)nate  j     34*68 


I. 

54-82 

II. 

in. 

IV. 

51-36 

67-34 

66-39 

2-55 

4-66 

3-80 

4-12 

20-21 

21-68 

17-37 

11-12 

0-29 

0-39 

0-47 

0-63 

15-26 

1612 

13-76 

8-57 

6-87 

5-79 

7-27 

917 

100-00 

100-00 

100-00 

100-00 

j     34-68 

3G-(54 

31-25 

19-48 

The  amount  of  hygroscopic  water  present  in  the  moist  sample  before 
they  were  dried  was  found  to  be  as  follows  : — 


I. 

25-69 

IL 

in. 

IV. 

23-82                2701 

1 

24-28        , 

1 

*  Given  by  Mr.  A.  K.  Carey,  l*roc.  In.st.  C'iv.  Kng.,  vol.  cvii.  p.  41  (1^9:i). 
-  From  Notes  on  Huildiug  Construction,  Kivingtons,  p.  88. 

^  J.  L.  Si)oor.    Otf  Loc.  Guide.    Industr.  Sect.  1889,  p.  216. 

*  This  amount  is  entered  as  alkalis,  but  seems  so  large  that  it  may  include 
water  and  organic  matter  which  are  not  mentioned. 
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It  will  be  Been  that  the  first  three,  which  are  all  from  the  upper  part  of 
the  pit,  all  contain  over  30  i)er  cent,  of  carbonates,  while  the  lowest  clay 
has  only  about  20  per  cent. 

The  following  samples  of  the  highest  part  of  the  (iault  were  kmdly 
analysed  for  us  by  Prof.  J.  B.  Harrison,  F.G.S.,  Government  Chemist  at 
Georgetown,  British  Guiana.  By  his  method  of  treating  siliceous  material,^ 
the  amount  of  soluble  colloid  silica  is  determined  in  a  manner  which 
))revents  its  including  such  silica  as  might  be  set  free  from  decomiKXsable 
silicates  in  the  ordinary  method  of  analysis,  and  the  silica  present  as 
quartz  sand  is  also  separately  determined.  Thus  his  analyses  give  a  much 
more  complete  idea  of  the  real  mineral  composition  of  a  clay. 

No.  1  is  a  dark-grey  marl  near  the  base  of  Bed  13,  Folkestone. 

No.  2  is  a  grey  marl  overlying  No.  1  at  Folkestone. 

No.  3  is  from  the  top  of  the  blue-grey  Gault  at  Aylesford. 

No.  4  is  from  the  pale-grey  Gault  above  No.  3  at  Aylesford. 


1. 

2. 

3. 

4. 

Or^nic  matter  and  combined  water  - 
Colloid  silica      -        -        -        - 
Carbonate  of  lime      -        -        .        - 
Sulphate  of  lime        -        .        -        - 
Phosphate  of  lime      -        -        -        -. 
Carbonate  of  magnesia 
Silica  as  quartz  and  mica  - 
Silicates  in  the  form  of  clay 

3*35 

8*41 

29*20 

015 

0*20 

2*49 

12*82 

43*38 

2*33 

6*12 

22*72 

0*07 

6*21 

3*06 

59*49 

5-18 

7*60 

32*29 

0*08 

0*15 

0*66 

10*36 

4378 

3*51 

7*58 
38*08 

0*08 
trace 
trace 

4*71 
4604 

100*00 

100*00 

100*00 

100*00 

The  silicates  showed  the  follovdng 
composition  :— 

Combined  silica 

Alumina 

Protoxide  of  iron       .        -       -       . 
Peroxide  of  iron        -        -        .        - 

Lime 

Magnesia 

Potash 

Soda 

23-13 

10*68 

0*75 

5*03 

0*61 
1*77 
1*41 

3403 

17*28 

0*38 

5*08 

0*09 
1*14 
1*49 

18-52 

15*60 

0*56 

3*98 

1*77 
1-91 
1*44 

26*07 
11*33 
0*37 
4*60 
0-77 
1*22 
0*96 
0*72 

43*38 

59*49 

43*78 

4604 

Prof.  Harrison  remarks,  "  the  argillaceous  constituents  are  certainly  not 
of  the  nature  of  true  clay  or  kaolin,  in  fact  little  such  clay  appears  to  be 
present  in  the  samples.  They  all  seem  to  belong  to  clays  which  may  be 
regarded  as  the  first  products  of  the  decomposition  of  felsi)ars.  I  am 
inclined  to  consider  that  the  ferric  oxide  is  in  the  state  of  silicate,  replacing 
an  e<juivalent  amount  of  alumina." 

In  a  later  note  he  says,  "  there  appear  to  be  two  clas.ses  of  kaolins,  the 
ordinary  kaolin  containmg  from  43  to  47  i>er  cent,  of  silica,  and  another 
containing  from  73  to'  81  per  cent.  Probably  most  naturally  occurring 
clays  are  mixtures  of  these  two  kaolins  in  varying  proi)ortions,  the  former 
usually  nredominating,  and  mixed  with  varying  amounts  of  quartz  sand, 
iron  oxides,  tkc." 

It  will  be  seen  that  the  amount  of  silica  present  as  fine  sand  varies  very 
much  J  "  muscovite  mica  occurred  with  this  and  proved  highly  resistant  to 
the  acid  and  alkali." 

It  is  interesting  also  to  find  that  they  all  contain  soluble  colloid  silica 
to  a  considerable  amount,  but  it  must  be  in  a  state  of  minute  division, 
for  Mr.  Hill  reports  that  he  could  not  recognise  any  globular  colloid  silica  in 
these  clays  under  the  microscope. 

The  proportion  of  carbonates  also  is  high,  the  Folkestone  marls  having 

^  Described  in  Quart  Joum.  GeoL  See.,  toI.  xlviii.,  p.  182. 
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Whether  the  yellowish  sandy  clay  should  be  included  in  the 
Red  Chalk  is  a  aoubtful  point. 

From  this  locality  northward  the  thickness  of  the  red  beds 
begins  to  diminish.  A  section  in  the  Stainton  inlier  showed  a 
total  thickness  of  8i  feet;  near  Otby  its  thickness  is  only 
about  six  feet.  At  Thorcsway  above  the  spring  near  the  church 
is  the  following  section : — 

FteU 
White  chalk  with  a  piuk  bed  at  base         -        -        -        -        -    3 

i>^i    1^11  j  Nodular  red  chalk  ill  sevei-allHjds   -        -        -        •     5 
iv^a  cnaiK-j^j^^j.j^  j.^j  j^^^j.j  ^..^j^  Belemnites      -        -        ,        -    i 

Yellow  marly  sand  with  phosphatic  lumps  .     -        -        -        -     1 
Carstone,  coarse  yellow  and  brown  sands  -        -       -        -        -  20 


In  Nettleton  Dale  there  is  about  four  feet  of  Red  Chalk  which 
seems  to  rest  directly  on  sandstone  with  little  if  any  red  or 
vol  low  marl  between. 

At  and  North  of  Caistor  the  thickness  remains  about  the  same, 
varying  between  four  and  five  feet.  At  Audleby  the  Carstone  is 
overlapjKjd,  and  the  Red  Chalk  rests  on  the  Tealby  Beds.  A  little 
further  north  it  rests  on  Kimeridgo  Clay,  but  at  Melton  the 
Spilsby  Sandstone  intervenes,  and  at  Elsham  this  sandstone 
is  separated  from  the  Red  rock  by  two  or  three  feet  of  Tealby 
clay,  the  junction  here  being  clearly  an  uncomfonnable  one. 
Beyond  this  the  substratum  is  everywhere  Kimeridge  Clay. 

There  is  therefore  no  question  about  the  unconiormity  of  the 
Red  Chalk  to  the  lower  portion  of  the  Lower  Cretaceous  Series, 
and  as  there  is  no  proof  of  a  break  between  the  Tealby  Beds  and 
the  Carstone,  the  facts  are  most  naturally  explained  by  a  break 
above  the  Carstone  with  overlap  of  the  Red  Chalk. 

In  the  north  of  Lincolnshire  there  are  no  good  exposures  of 
the  Red  Chalk,  and  its  outcrop  on  the  Humber  is  concealed  by 
Drift. 

The  following  fossils  have  been  found  in  the  Red  Chalk  of 
Lincolnshire,  but  more  prolonged  collecting  would  probably  add 
to  the  list: — 

Ammonites  interniptus.  Inoceramus  tenuis. 
Belemnites  minimus.  „  sp. 

„  „    var.  attenuatus.  Kingena  lima. 

Avicula  gryphieoides.  Rhynchonella  lineolata. 

Ostrea  vesicularis.  Terebratula  biplicata. 
Plicatula  minima.  „  capillata. 

SiJondylus  truncatus  ?.  „  semiglobosa. 

1  ecten  ( NTeithea)  quin(piecostatus.  Serpula  sp. 

2.  Red  Chalk  in  Torkshire. 

The  representative  of  the  Seltornian  in  Yorkshire  exhibits 
greater  litnological  variation  than  its  equivalent  in  Lincolnshire. 
Starting  with  a  thickness  and  general  cnaracters  similar  to  those 
ot  the  beds  in  North  Lincolnshire  it  thins  gradually  to  the  north- 
west till  it  is  reduced  to  a  bed  of  gritty  reddish-yellow  limestone 
only  two  feet  thick  with  a  sandy  and  pebbly  basement-bed 
varying  in  thickness  from  6  to  18  inches. 
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Again  passing  eastward  along  the  northern  border  of  tlie  Wolds 
the  formation  changes,  the  limestone  becomes  thicker,  less  gritty, 
and  more  argillaceous,  passing  gradually  into  astift'redmarl,  with 
nodular  lumps  of  more  chalky  material,  which  has  at  Speeton  a 
thickness  of  30  feet.  Moreover  there  are  at  its  base  several  feet 
of  red  and  brown  clays  which  seem  to  form  a  passage  between  it 
and  the  Speeton  Clay  series  below.  These  brown  clays  remind  us 
of  the  similar  material  proved  by  the  boring  at  Dersingham  in 
Norfolk,  and  the  overlying  red  marl  will  compare  with  the  red  bed 
in  the  Upper  Gault  oi  Roydon  and  Grimston,  but  is  much  less 
calcareous ;  even  the  higher  part  only  contains  68  per  cent,  of 
carbonates,  and  of  this  amount  8*46  per  cent,  are  carbonate  of 
magnesia  {see  p.  326). 

Statigraphical  Details. 

The  following  account  of  the  principal  exposures  of  the  Red 
Chalk  in  Yorkshire  is  chiefly  taken  from  Mr.  W.  Hill's  paper, 
with  some  notes  from  those  by  Prof.  J.  F.  Blake,^  Mr.  G.  W' 
Lamplugh,^  and  other  observers. 

On  the  north  side  of  the  Humber  the  Red  Chalk  is  first  seen 
at  Welton  Springs,  but  the  first  good  section  is  in  the  railway- 
cutting  about  a  mile  east  of  South  Cave,  between  the  two  short 
tunnels.  Mr.  Hill  says,  "  Here  it  is  seen  to  be  about  7  feet  thick 
and  is  of  a  grey  colour  in  the  centre.  Belemnites  minimus 
occurs  commonly.  It  may  be  said  to  rest  on  Kimeridge  Clay, 
but  between  it  and  this  formation  can  be  seen  at  intervals  a  thm 
layer  of  yellowish  very  fine  sandy  material  containing  roundish 
concretionary  nodules  of  ironstone  which  show  when  broken  a 
slightly  oolitic  structure."  This  appears  to  pass  up  into  red  clay. 
The  section  is  now  somewhat  obscured  by  weathenng  and  by  the 
facing  of  the  embankment,  but  Messrs.  Middlemiss  and  Keeping, 
who  saw  it  when  fresher,  give  the  following  succession  * : — 

Feet  in. 

Nodular  red  chalk 16 

Pale  [?  pink]  nodular  chalk 13 

Clayey  red  chalk 0    6 

Grey  nodular  chalk 10 

Red  chalk -        -  0    3 

Yellowish -green  clay 0    9 

Unctuoua  red  c\a,y 16 

6    9 

North  of  Market  Weigh  ton  and  just  south  of  the  railway  the 
base  of  the  Red  Chalk,  here  very  conglomeratic,  can  be  seen 
resting  on  the  clays  and  ironstone  of  the  Lias. 

Many  small  exposures  occur  by  Millington  Springs  and  in 

^  "On  the  Lower  Beds  of  the  Upper  Cretaceous  Series  in  Lincolnshire  and 
Yorkshire,"  Quart.  Journ.  Geol.  8oc.,  vol.  xliv.  p.  333. 
2Proc.  Geol.  Assoc,  vol.  v.  p.  247  (1878). 
3  Quart.  Journ.  Geol.  Soc,  vol.  lii.,  p.  179  (189fi), 
*  Geol.  Mag.,  Dec.  2,  vol.  x.  p.  218. 
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Deepdale,  also  at  Grimsthorpe  and  by  Great  Givendale.  At  the 
last  place,  in  a  plantation  near  the  church,  Prof.  J.  F.  Blake 
saw  in  1874  an  exposure  which  showed  the  following 
succession : — 

White  chalk, 

lied  chalk, 

Conglomerate  of  rounded  black  stones, 

Variegated  sandstone, 

He    does    not    give    thicknesses.      Mr.    Hill,  \vTiting    of    this 

district,  says  the  basement-bed   is  very  conglomeratic,  "large 

fragments   of  ironstone  of   oolitic   structure  occurring  in   it." 

Mr.  Blake  also  mentions  a  noteworthy  exposure  at  the  head  of 

Scottendale,  east  of  Kirby  Underdale,  and  this  was  described  by 

Mr.  Lamplugh  in  1896  as  follows  ^ : — 

Feet,  in. 

Hard  pinkish  and  yellowish  nodular  chalk  -        -        -        -  2  0 

(Deep  red  and  yellowish  nodular  chalk,  about  -  2  0 

Soft  shaly  red  chalk 0  3 

Hard  gritty  nodular  red  chalk  ;        -        -        -  1  0 

Yellow  clayey  marl  with  ferruginous  grains      -  1  0 
Coarse  pebbly  ferruginous  sand  of  a  deep-brown  colour,  with 
IKjbbles  of  oolitic  ironstone,  phosphatic  nodules  and  small 

pebbles  of  lydite  and  quartz,  up  to 6  0 

Beleninltes  minirtias  was  abundant  throughout  the  Red  Chalk, 
and  of  the  sand  below  he  remarks  that  it  so  closely  resembles 
the  Lincolnshire  Carstonc  that  it  may  safely  be  correlated  with 
that  bed ;  it  must  be  remembered,  however,  that  at  Audleby  in 
Lincolnshire  the  upper  part  of  the  Spilsby  Sandstone  is  coarse 
and  pebbly.^ 

Another  exposure  occurs  in  Garrowby  Park,  about  half  a  mile 

east  of  the  Hall,  where  Mr.  Hill  saw : — 

Feet. 

Ifwcet'ajntis  Beds,  grey,  gritty  chalk 3 J 

Sponge  Bed^  very  hard  yellowish-red  chalk  with  smooth 

clean  fracture \ 

Red  Chalky  smooth  at  the  top,  nodular  below,  the  lower 

part  full  of  quartz  grains 4 

Mr.  Blake  says  "at  a  little  lower  level  are  great  blocks  ot 
conglomerate,  and  below  that  a  sandpit."  Thus  the  succession 
would  seem  to  be  like  that  at  Great  Givendale. 

From  this  point  the  Red  Chalk  thins  more  rapidly,  till  round 
Acklam  and  Leavening  it  is  only  from  two  to  three  feet  thick 

It  is  well  exposed  above  a  mass  of  Chalk  which  has  slipped 
from  its  place  on  the  hill-side  near  Leavening.  Here  much  of 
the  Lower  Chalk  is  seen  with  a  foot  of  reddish-yellow  limestone 
at  the  base ;  below  this  is  Red  Chalk,  pale  red  at  the  top,  darker 
red  below,  full  of  quartz  grains  throughout  and  containing  many 
Belemnifrs  mutimm.  It  is  only  two  feet  thick,  but  passes  down 
into   a   layer   of  yellowish   material  fiiU  of  coarse  quartz  sand^ 

'Quart.  .Tourn.  Geol.  Soc,  vol.  lii.  p.  188. 

•  See  Mem.  (»eol.  Survey,  Explanation  of  Sheet  86,  p.  ICft  (l890). 
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dark'Coloured  oolitic  grains,  and  small  lumps  of  oolitic  iron- 
stone. This  layer  is  not  more  than  six  inches  thick,  and  rests  on 
Oxford  Clay. 

On  the  south-west  side  of  the  outlier  on  which  Wliarram 
Grange  Farm  stands,  Mr.  Hill  found  an  exposure  which  appears 
to  exhibit  the  most  attenuated  form  of  the  Red  Chalk.  Its 
thickness  is  not  more  than  18  inches,  and  the  deep-red  colour  is 
gone.  The  bed  consists  of  a  very  hard,  dirty  yellow  con- 
glomeratic limestone,  which  is  here  and  there  streaked  or  mottled 
by  rusty-brown  stainings.  It  is  full  of  large  fragments  of  oolitic 
ironstone  with  many  quartz  and  separate  oolitic  giains.  It  is 
also  very  fossiliferous,  containing  Belemnites  minimus,  Terebra- 
tula  biplicata,  Ter.  capiUata,  and  Cardiaster  auborbicmlciria  in 
some  abundance ;  also  badly  preserved  fragments  of  Ammonites, 
which  seem  to  belong  to  Aminonites  awritus  or  its  varieties. 

From  this  locality  the  Red  Chalk  appears  to  thicken 
southwards,  northwards,  and  eastwards,  for  Prof  Blake  records  a 
section  near  Wharram  Station  a  little  more  than  a  mile  to  the 
E.S.E.,  where  there  is  two  feet  of  yellowish-red  chalk  passing 
down  into  li  feet  of  argillaceous  and  ferruginous  grit.  Again, 
only  five  miles  to  the  N.N.E.,  on  Scragglesthorpe  Brow,  Mr. 
Fox-Stran^ays  has  seen  10  feet  of  Red  Chalk  exposed. 

At  the  time  of  Mr.  Hills  visit  it  was  difficult  to  estimate  the 
thickness  at  the  latter  place,  but  he  describes  it  as  resembling  the 
Red  Chalk  of  Speeton  rather  than  that  along  the  western  bordei* 
of  the  Wolds;  being  smoother,  deep-red  in  colour,  and  not 
containing  any  mineral  fragments,  except  perhaps  at  the  base, 
which  was  not  exposed. 

Rather  more  than  five  miles  to  the  east  of  this,  at  East  Hesler- 
ton,  Mr.  Fox-Strangways  records  a  well-boring  which  passed 
through  the  following  beds  * : — 

Feet. 

Chalk 50 

Red  clay         - 25 

Black  clay 92 

He  has  no  doubt  that  the  "  red  clay  "  is  the  Speeton  type  of 
"  red  chalk,"  i.e.,  red  argillaceous  marl. 

Between  this  and  Speeton  no  good  sections  art?  now  open,  but 
Messrs.  Young  and  Bird  describe  a  section  at  Knapton  in  terms 
which  leave  no  doubt  that  there  was  here  a  passage  from  the 
Speeton  Clay  into  red  marl,  as  at  Speeton.^ 

The  Red  Marl  of  Speeton  has  been  described  by  many  writei-s, 
notably  by  Prof.  Wiltshire,  Prof  Blake,  and  Mr.  W.  Hilf :  and  its 
junction  with  the  beds  below  has  been  noticed  more  particularly 
by  Mr.  C.  J.  A.  Mover  in  18G9  and  by  Mr.  G.  W.  Lamplugh  in 
1889. 

In  1869,  Mr.  Meyer  briefly  described  •*  a  section  seen  by  him 


'  The  (leoloijy  of  Scarborough,  Mem.  Oeol.  Survey,  188(»,  p.  2t). 
-  See  "Geological  Survej;  of  the  Yorkshire  Coast,"  2iul  Eclition  (1828), 
p.  62,  and  G.  W.  Lamplugh  in  Quart.  Journ.  Get>l.  Soc,  vol.  lii.  \\  !?.">. 
^  Geol.  Mag.,  vol.  vi.  p.  13. 
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in  September,  1868,  on  the  south  side  of  Speeton  Beck,  which 
exposed  the  junction  -  beds  and  showed  a  complete  passage 
downward  from  the  red  marl  into  the  black  clays.  His 
description  may  be  summarised  as  follows : — 

"Ked  Chalk"  with  Terehratula  Ujdicatny  Belemnites  miminuB, 
Vermicidanu  rkililpsii,  and  other  fossils,  4  feet. 

Pale  reddish  clay,  with  Inocermnus  svlcatus  and  Bel.  miminus^ahont 
2  feet,  passing  down  into  black  clays  with  Bel.  semicanalicu- 
lutuSy  seen  for  5  feet. 

Mr.  Hill  in  1888^  "was  unable  to  find  the  actual,  junction  of 
the  Red  Chalk  with  the  Speeton  Clay." 

It   was   reserved  for   Mr.  Lamplugh  in  1889^  to  settle  the 

question  and  to  confirm  Mr.  Meyer^s  observation  by  recording 

several   exposures  where  the  passage-beds  were  visible  in  that 

year.     The  sequence  seen  by  Mr.  Lamplugh  along  the  cliff*  foot 

about  350  yards  from  Speeton  Gap  was : — 

Ft.  in. 

Red  Chalk,  slipped  and  crushed 

Mottled  marly  shale  with  bright-green  streaks       -        -20 
Dull  reddish  clay  with  yellow  and  green  streaks    -        -06 

Streaked  brown  gritty  marl    - 0    3 

Bright  yellow  and  green  seam  with  eroded  nodules        -     0    3 

Striped  brownish  shaly  clay 0    6 

Black  clay  seen  for  about 3    0 

C    G 

The   black   clay  contains   Bel.  seinicaiuiliculatus  only  ;   froni  the  l>^tj 
ab<.»ve  he  obtained  Gault  fossils,  namely  : — 

Belemnites  minimus  and  vai*s.  Nucula  pectiuata? 

Incxieramus  concentricus.  Lingula  sp. 

Inoceramus  sulcatus.  Vermicularia    elongata   (Beau, 

Inoceramus  sp.  (a  larger  form).  M.S.). 

Ostrea  sp.  Fish  scales 

Avicula  rauliniana  1 

"  In  this  section,"  says  Mr.  Lamplugh,  "  the  green  and  yellow 

f gritty  bed  with  nodules  forms  a  very  striking  and  distinct 
lorizon,  .  .  .  being  full  of  nodules  that  look  as  though  they  might 
be  derivatives  and  frequently  present  a  curiously  pitted  and 
partially  decomposed  surface,  as  if  through  erosion.  These  are 
often  coated  thickly  with  gritty  green  matter  (probably  glauconite) 
and  sometimes  form  a  centre  from  which  springs  a  mass  of  radiating 
crystals  (selenite)  which  completely  surrounds  the  nodule  in  a 
layer  from  an  inch  to  three  inches  thick." 

Of  the  overlying  marls  he  says  they  seem  to  contain  "  much 
extraneous  gritty  matter,  and  all  arc  streaked  and  dabbled  with 
glauconite.  In  the  dull  red  band  small  smooth  pebbles  (lydites) 
not  larger  than  duck-shot  have  been  observed." 

"  Th(^  possibility  of  a  representative  of  the  Gault  other  than  the 
Red  Chalk  existing;  at  the  top  of  the  Sjx'eton  (Uuy  has  been  once 
or  twice  suggested,  but  has  been  regarded  as  untenable.     In  these 

^  Quart.  Jouni.  ( ieol.  Soc.,  vol.  xliv.,  p.  33b. 
*  Quart,  Journ.  Geol.  Soc.,  vol.  xlv.,  p.  603. 
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beds,  however,  we  have  probably  a  representative  of  the  Lower, 
while  the  Red  Chalk  itself  may  represent  the  Upper  division  of 
the  Gault." 

Above  these  variegated  marls,  there  is  about  30  feet  of  deep-red 
marly  chalk.  The  lowest  ten  feet  are  seldom  seen,  being 
generally  covered  by  slips,  bilt  Mr.  W.  Hill  informs  me  that  this 

Sart  has  a  somewhat  oedded  appearance,  though  in  places 
ecidedly  nodular. 
The  central  part  is  more  distinctly  nodular,  the  nodules  being 
simply  potato-like  lumps  of  a  harder  and  more  calcareous 
material  than  the  soft  marl  in  which  they  lie.  There  are  also 
some  layers  in  which  the  nodules  are  greyish-white.  In  the 
upper  part,  this  nodular  character  gradually  dies  away,  and  the 
uppermost  four  feet  consist  of  a  smooth,  firm,  or  moderately  hard 
marl,  rather  paler  in  colour  than  that  below. 

Belemnites  are  most  abundant  in  the  lower  part,  are  seldom 
seen  m  the  middle,  but  occur  occasionally  in  the  top  fout  feet. 


LIST  OF  FOSSILS  FROM  THE  RED  CHALK  OF 

YORKSHIRE. 

This  list  bas  been  compiled  from  the  following  sources  :— 

1.  Phillips'  Geology  of  Yorkshire.    Part  I.,  third  edition.    (1875.)  Lists 

of  fossils. 

2.  Wiltshire,  The  Red  Chalk  of  England.     Proc.  Geol.  Assoc,  (separate 

pajKir),  and  Geologist,  vol.  ii.  p.  261.    On  the  Red  Chalk  of  Hun- 
stanton.   Quart.  Journ.  Geol.  hoc,  vol.  xxv.  p.  185. 

3..  J.  F.  Blake,  Geol.  Mag.,  Dec.  2,  vol.  i,  p.  362,  and  Proc.  Geol.  Assoc, 
vol.  v.,  p.  232. 

4.  Ch.  Barrois,  Rocherches  sur  le  Terr.  Cret.  Sup.  p.  191.    (1876.) 

5.  W.  Hill,  Quart.  Journ.  Geol.  Soc,  vol.  xliv.,  p.  347. 


Yorkshire 
Wolds. 


Mollusca. 
Anmicnites  auritus  !y  Sow. 

„  Deshayesi,  Leym.  - 

„  rostratus,  Sow. 

Belenniites  minimus.  List. 
Nautilus  elegans,  Sow^  (?  albensis). 

„        sp.      -        - 
Avicula  grypliseoides.  Sow. 
Exogyra  rauliniana,  if  Orb. 
Ostrea  canaliculata,  Soio. 
„      vesicularis,  Sf/w.    - 
„      vesiculosa,  Sow.     - 
Pectin  Beaveri,  Sow. 
Plicatula  i)ectinoide.s.  Sow. 
Inoceramus  Crispi,  Ma  tit. 
„  sulcatus,  Pai'k. 

„  tenuis,  Mant. 

Spondylus  gil)bo^s^s,  (TOrh. 
„         striatuj*  ?,  Sow. 


X 
X 
X 
X 
X 
X 
X 


X 
X 


Speeton. 


X 
X 
X 
X 
X 


X 
X 
X 
X 
X 
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Brachiopoda, 
Kingena  lima,  Dffr.  -        -        - 
Rliynchonella  lineolata,  Phil,  - 
„  sulcata,  Park.     - 

„  latissima  (?  sulcata). 

Terebratula  biplicata,  tSow. 

capillata,  d'Arch.   - 
semi^lobosa,  Sow.  - 
sulci! era  ]  Moms. 
Terebratulina  triangulai*is,  Eth. 
„  striata,  Wakl.     - 

Polyzoa. 
ProN)scina  dilatata,  (TOrb. 
Ceriopora  si)ongitis,  Goldf, 

Cntstacea. 
Pollioii>es  unguis.  Sow.     - 
Cytlierella  ovata,  Horn.     - 


EchinoderriM  ta . 
Cidaris  gaultina,  Forbes.  - 
Torynocrinus  rugosus,  Seeley.   - 
Holaster  suborbicularis,  Defr.  - 
Pentacrinus  Fittoni,  Aust, 

Annelida. 
Serpula  concava,  Sow. 
„      umbonata.  Sow. 


Yorkshire 
Wolds. 


X 
X 
X 
X 
X 
X 
X 


X 
X 


Speeton. 


X 
X 
X 

X 
X 
X 
X 
X 
X 


X 
X 


X 
X 


X 
X 


X 
X 


The  Foraminifera  found  in  the  Red  Chalk  of  Speeton  have  been  identi- 
fied and  catalogued  by  Messrs.  Burrows,  Sherbom^  and  Bailey  in  the 
Journ.  Roy.  Micr.  Soc.  for  1890,  p.  549,  and  their  list  is  embodied  in  our 
general  list  (p.  481). 

Mr.  F.  Chapman  has  compared  the  Foraminifera  found  in  the  Red 
Chalk  of  Yorkshire  and  Norfolk  with  those  of  the  Folkestone  Qault  and 
the  Chalk  Marl  of  Folkestone.  He  records  86  s|>ecies  from  the  Red  Chalk. 
"  Of  these,  52,  or  a  little  more  than  60  i>er  cent.,  have  been  found  in  the 
Oault  of  Folkestone.  In  the  Lower  Gault  38  Red  Chalk  forms  occur ; 
whilst  in  the  Upper  Gault  (zones  VIII,  to  XIII,)  we  find  48  species  common 
to  this  and  the  Red  Chalk  ;  or  44  [jer  cent,  and  nearly  56  per  cent, 
respectively." 

Of  the  86  Red  Chalk  species  only  25  were  found  in  Bed  II.  of  the  Chalk 
Marl  in  Eastwear  Bay,  and  Mr.  Chapman  concludes  that  the  conditions 
under  which  the  Bed  Chalk  was  deposited  were  similar  to  those  prevailing 
during  the  formation  of  the  Upper  Oault  at  Folkestone.  He  adds, 
"there  is  a  marked  absence  of  snallow  water  and  coarsely-grown  are- 
naceous Foraminifera  in  the  Red  Chalk,  quite  unlike  the  assemblage  found 
in  the  Chalk  Marls." 

It  is  interesting  to  find  that  the  foraminifera]  fauna  of  the  Red  Chalk  links 
it  more  closely  with  the  Upper  (jlault  of  Folkestone  than  with  the  Chalk 
Marl  of  tliat  locality,  but  we  feel  bound  to  point  out  that  Folkestone 
is  a  long  way  from  Norfolk,  and  the  number  of  siKJcies  common  to  the  Red 
Chalk  and  the  l>eds  which  immediately  overlie  it  may  be  greater  than  the 
number  common  to  the  former  and  the  Chalk  Marl  of  Kent  We  hope 
Mr.  Chapman  may  some  day  be  able  to  compare  the  Foraminifera  of  the  Red 
Chalk  with  those  of  the  Gault  and  of  the  Lower  Chalk  of  Norfolk. 


CHAPTER  XXIII. 


CHEMICAL    ANALYSES    OF    GAULT    CLAYS,   RED 

CHALKS,  AND  MALMSTONES. 

Analyses  .of  OaiQt  Clays. 

Very  few  analyses  of  Gault  clays  have  hitherto  been  published, 
but  the  following  pages  contain  tne  particulars  of  no  less  than  24 
separate  analyses.  Some  of  these  have  been  collected  from 
various  publications  ;  some  have  been  recently  put  at  our  disposal, 
and  four  have  been  specially  made  for  us,  by  our  friend  Prof. 
J.  B.  Harrison,  Chemist  to  tne  Colonial  Government  of  British 
Guiana,  from  samples  which  we  sent  out  to  him. 

Of  the  analyses  which  follow,  some  were  made  for  commercial 
purposes  only  and  do  not  take  note  of  the  minor  and  less 
important  ingredients,  such  as  Phosphoric  Acid,  Sulphuric  Acid 
ana  the  Alkalis ;  others,  such  as  those  by  Prof.  Hamson,  Messrs. 
Paine  and  Way,  and  Mr.  P.  G.  Sanford,  are  much  more  complete. 

Analyses  of  phosphatic  nodules  from  the  Gault  will  be  found 
in  the  Chapter  on  Economics. 

Two  partial  analyses  of  samples  from  the  Gault  of  Folkestone  were 
made  by  Mr.  W.  H.  Hudleston  for  Mr.  F.  G.  H.  Price,  and  published 
by  the  latter  in  his  paper  on  the  Gault  of  Folkestone.*  The  first  is  from 
the  Lower  Gault  (Bea  II.)  and  the  second  from  the  Upper  Gault 
(Bed  XL). 


Dried  at  100'  C 


B. 


Water  and  organic  matter 

Carbonate  of  lime 

Silica,  silicates,  oxides  of  iron,^  pyrites,  <kc. 
Chloride  of  sodium    .     -        -        -        - 
Carbonate  of  magnesia  (traces) 
Sulphuric  acid        ...        - 
Phosphoric  acid  (traces)  -        -        -        - 


6-75 
26-45 
65*95 

•81 

•04 

100-00 


Of  the  tabular  ironstone  found  in  Bed  III.  Mr.  Hudleston  rei^rted  that 
it  was  "  a  clay  ironstone  free  from  grit"  The  bulk  of  the  mass  consists  of 
of  pulverulant  carbonate  of  lime,  ferrous  carbonate,  and  extremely  fine 
particles  of  clay,  with  about  2  per  cent,  of  pyrites. 


The  amount  of  metallic  iron  (principally  as  protoxide) 
Add  for  iron  in  combination  with  sulphur,  say  - 


2940 
1-00 

30-40 


*  Quart.  Journ,  Geol.  Soc.,  vol.  xxx.  p.  342. 

*  Metallic  iron  4^25  per  cent,  in  A,  2*55  per  cent,  in  B. 
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The  following  are  analyses  of  the  Upi)er  Gault  clays  in  the  Medway 
Valley  ;  Xo.  1  being  an  analysis  by  Dr.  A.  Voelcker  of  a  specimen  of  clay 
from  the  pit  of  the  West  Kent  Cement  Works,  Aylasford.*  No.  2  is  of 
the  Gault  used  for  brickmaking  at  Burham.^  No.  3  is  of  a  "Medway 
Gault,"  locality  not  specified.^ 


Water- 
Organic  matter   - 
Carlnmate  of  lime 
Oxide  of  iron 
Alumina      -        -        - 
Magnesia  and  alkalis  - 
Insoluble  siliceous  matter 


1 

2 

3 

1        409 

6-68 
5-01 

21'97 

18^91 

24-95 

4-03 

5-00 

607 

1209 

20-42 

16-06 

•88 

•45 

618* 

56-34 

42-92 

46*61 

100-00 

99*39 

99-87 

For  the  following  analyses  of  the  Gault  clays  dug  at  Burham  we  are 
indebted  to  the  Chairman  and  Manager  of  the  Burham  Lime  and  Cement 
Company  (7,  Nicholas  Lane,  Lombard  Street).  The  analyses  were  made  by 
Messrs.  Stanger  and  Blount,  of  Broadway,  Westminster.  The  samples 
supplied  were  from  the  beds  known  in  the  clay  pit  as  I.  (Top  white), 
II.  (Bottom  white),  III.  (Top  blue),  and  IV.  (Bottom  blue).  Nos.  I.  and  II. 
are  from  the  light-grey  clays  at  the  top  of  the  pit  (see  ante,  page  89),  and 
Nos.  III.  and  IV.  are  from  the  blue  clays,  the  Iba^I  being  presumably  from 
near  the  bottom  of  the  section.     The  samples  were  driecl  at  212"  F. 


Insoluble  matter  (silicates) 
Ferric  oxide  and  Alumina 
Lime    .     *        -        "        " 
Magnesia   -        -.       -        - 
Carbonic  anhydride* 
Combined  Water  and  Loss 


I. 

54-82 

II. 

III. 

IV. 

61*36 

67-34 

66-39 

2-55 

4-66 

3-80 

4-12 

20-21 

21*68 

17-37 

1112 

0-29 

0*39 

0-47 

0-63 

15-26 

1612 

13*75 

8-67 

6-87 

5*79 

7-27 

917 

100-00 

100*00 

100-00 

100-00 

34-68 

30-64 

31-26 

19-48 

*  Corresjx>nding  to  Calcium  carlK)nate 


The  amount  of  hygroscopic  water  present  in  the  moist  sample  before 
they  were  dried  was  found  to  be  as  follows  : — 


I. 

IL 

HI. 

IV. 

25*69 

23-82 

2701 

24-28 

*  (liven  by  Mr.  A.  E.  Carey,  Proc.  Ins^t.  Civ.  Eng.,  vol.  cvii.  p.  41  (lF9ii). 
^  From  Notes  on  Building  Construction,  Kivingtons,  p.  88. 

^  J.  L.  Spoor.    Off  Loc.  Guide.    Industr.  Sect.  1889,  p.  216. 

*  This  amount  is  entered  as  alkalis,  but  seems  so  large  that  it  may  include 
water  and  organic  matter  which  are  not  mentioned. 
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It  will  be  seen  that  the  first  three,  which  are  all  from  the  upper  part  of 
the  pit,  all  contain  over  30  \)gt  cent,  of  carbonates,  while  the  lowest  clay 
has  only  about  20  per  cent. 

The  following  samples  of  the  highest  prt  of  the  Gault  were  kmdly 
analysed  for  us  by  Prof.  J.  B.  Harrison,  F.G.S.,  Government  Chemist  at 
Georgetown,  British  Guiana.  By  his  method  of  treating  siliceous  material,^ 
the  amount  of  soluble  colloid  silica  is  determined  in  a  manner  which 
prevents  its  including  such  silica  as  might  be  set  free  from  decompasable 
silicates  in  the  ordinary  method  of  analysis,  and  the  silica  present  as 
quartz  sand  is  also  separately  determined.  Thus  his  analyses  give  a  much 
more  complete  idea  of  the  real  mineral  compasition  of  a  clay. 

No.  1  is  a  dark-grey  marl  near  the  base  of  Bed  13,  Folkestone. 

No.  2  is  a  grey  marl  overlying  No.  1  at  Folkestone. 

No.  3  is  from  the  top  of  the  blue-grey  Gault  at  Aylesford. 

No.  4  is  from  the  pale-grey  Gault  above  No.  3  at  Aylesford. 


1. 

2. 

3. 

4. 

Organic  matter  and  combined  water  - 
Colloid  silicA      -        -        -        - 
Carbonate  of  lime      .        -        -        - 
Sulphate  of  lime        -        -        -        . 
Phosphate  of  lime      -       -       *       -. 
Carbonate  of  magnesia 
Silica  as  quartz  and  mica  - 
Silicates  in  the  form  of  clay 

3*35 

8*41 

29*20 

015 

0*20 

2*49 

12*82 

43*38 

2-33 

6*12 

22*72 

007 

6*21 

3*06 

59*49 

5-18 

7*60 

32*29 

0*08 

0*15 

0*66 

10*36 

4378 

3*51 

7*58 
38*08 

0*08 
trace 
trace 

4*71 
4604 

100*00 

100*00 

100*00 

100*00 

The  silicates  showed  the  following 
composition  :^- 

Combined  silica 

Ahimina    -        -        - 

Protoxide  of  iron       -        -        -        . 

Peroxide  of  iron        -        -        .        - 

Lime  -        -        -        -        - 

Magnesia  -       -       - 

Potash       ---... 

Soda 

23-13 

10*68 
0*75 
5*03 

0*61 
1*77 
1*41 

34*03 

17*28 

0*38 

5*08 

0*09 
1*14 
1*49 

18-52 

15*60 

0*56 

3*98 

1*77 
1-91 
1*44 

26*07 
11*33 
0*37 
4*60 
0-77 
1*22 
0*96 
0*72 

43*38 

59*49 

43*78 

4G*04 

Prof.  Harrison  remarks,  "  the  argillaceous  constituents  are  certainly  not 
of  the  nature  of  true  clay  or  kaolin,  in  fact  little  such  clay  appears  to  be 
present  in  the  samples.  They  all  seem  to  belong  to  clays  which  may  be 
regarded  as  the  first  products  of  the  decomposition  of  felsjmrs.  I  am 
inclined  to  consider  that  the  ferric  oxide  is  in  the  state  of  silicate,  replacing 
an  equivalent  amount  ot  alumina." 

In  a  later  note  he  says,  "  there  appear  to  be  two  classes  of  kaolins,  the 
ordinary  kaolin  containmg  from  43  to  47  per  cent,  of  silica,  and  another 
containing  from  73  to'  81  per  cent.  Probably  most  naturally  occurring 
clays  are  mixtures  of  these  two  kaolins  in  varying  proportions,  the  former 
usually  i)redominating,  and  mixed  with  varying  aniounts  of  quartz  sand, 
iron  oxides,  ifec." 

It  will  be  seen  that  the  amount  of  silica  present  as  fine  sand  varies  very 
much  I  "  muscovite  mic«i  occurred  with  this  and  proved  highly  resistant  to 
the  acid  and  alkali." 

It  is  interesting  also  to  find  that  thev  all  contain  soluble  colloid  silica 
to  a  considerable  amount,  but  it  must  be  in  a  state  of  minute  division, 
for  Mr.  Hill  reports  that  he  could  not  recognise  any  globular  colloid  silica  in 
these  clays  under  the  microscope. 

The  proportion  of  carbonates  also  is  high,  the  Folkestone  marls  haring 

^  Described  in  Quart  Joum.  OeoL  See.,  toL  xlviii.,  p.  182. 
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from  89  to  31*6  per  cent.,  and  those  from  Aylesford  containing  from  33  to 
38  per  cent. 

The  following  analysis  of  Gault  from  Dunton  Green,  near  Sevenoaks, 
Kent,  dried  at  100"  C.,»  was  made  by  Mr.  P.  Gerald  Sanford,  F.C.S.  :— 

Insoluble  residue «'^-r.i   ^  con^posed 


Ferric  oxide,  FcuOs 

Alumina,  AI0O3 

Oxide  of  Manganese,  MnO 

Lime,  CaO      -        -        -        . 

Magnesia,  MgO 

Sodium  Chloride,  NaCl.  - 

Phosphoric  Acid,  P0O5     - 

Sulphuric  Acid,  SO3 

Carbonic  Acid,  CO., 

Potash  and  Soda,  lC.,0  and  Na..O 

Combined  Water 

Silica,  SiO,      .... 


65*01   = 

7-92 
3*4 

trace 

5-9 

•75 

•05 

•11 

•19 

6*09 

•07 

10-48 


as  below. 

2-05 

16-41 

•88 
•24 


46-43 


65-01 


In  this  analysis  there  is  rather  more  carbonic  acid  than  is  required 
to  combine  with  the  lime  and  magnesia,  and  if  the  carbonic  anhydride  was 
correctly  estimated,  we  can  only  suppose  that  a  little  of  the  iron  exists  as 
protoxiae  in  the  form  of  carbonate  of  iron. 

Messrs.  Paine  and  Way  made  analyses  of  three  samples  of  Gault  from 
near  Farnham,  which  they  term  respectively  Lower,  Middle,  and  Upper 
Gault,  meaning  no  doubt  that  they  were  taken  from  the  lower,  middle, 
and  upper  portions  of  the  clays  which  underlie  the  soft  malmstone 
{see  i>.  108).  They  are  interesting  as  showing  that  there  is  little  Oarbonate 
of  Lime  in  the  Gault  of  this  district,  which  is  mainly  Lower  Gault, 
and  that  it  contains  a  considerable  amount  of  soluble  silica,  but  tibe 
method  of  analysis  does  permit  of  the  separation  of  the  silica  present  as 
fine  qtiartz  sand  from  that  present  in  a  state  of  combination.  Tne  figures 
given  are  as  follows  : — 


Lower. 


Middle. 


Upper. 


Combined  water,  with  a  little  organic 
matter 

Soluble  in  dilute  acids  : — 

Silica 

Carbonic  Acid         -        -        .        - 
Sulphuric  Acid       -        -        -        . 

Chlorine 

Lime 

Magnesia 

Potash 

Soda 

Oxides  of  Iron        -        .        -        - 
Alumina 

Insoluble  in  dilute  acids  : — 

Lime 

Magnesia 

Potash 

Soda       -       ... 
Alumina  and  a  little  oxide  of  iron  - 
Silicic  Acid  and  Sand     ... 


7-68 

16-65 

trace 
-03 
-66 
•77 
•66 
•15 
3-16 
1-24 

trace 
trace 
1-53 
1-90 
19-06 
46-51 


6-38 

26-89 

313 

-03 

trace 

5-34 

•35 

-74 

•31 

7-25 

6-60 

1-61 
•91 

216 
•42 

7-88 
29-83 


5-47 

24-80 

trace 
•03 
•75 
•26 
•35 
•16 
4-56 
•94 

1*29 

•82 

1-67 

•64 

11-29' 

47-07 


100^00 


100^00 


lOOtX) 


^  Geol.  Mag.,  Ser.  3,  vol.  vl  p.  456  (1889). 
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The  following  is  an  analysis  by^Dr.  A.  Voelcker,  of  a  specimen  of  Gault 
from  Glynde  in  Sussex  *: — 

Water  of  combination  and  organic  matter        -        -    3*43 
Oxide  of  iron   -        -        -        -  .        -        .    4-33 

Alumina -        -  13'13 

Lime        - -        -  10*58 

Carbonic  acid,  alkalis,  (fee. 11*73 

Insoluble  siliceous  matter 56*80 


100*00 


'o 


As  the  CO  2  was  not  separately  determined  the  exact  amount  of  carbonate 
of  lima  cannot  be  calculated,  but  if  we  assume  that  all  the  lime  was 
combined  with  carbonic  acid,  as  is  probable  ^in  this  case,  the  amount  of 
calcium  carbonate  would  be  18*89  per  cent. 

The  highly  calcareous  marl  wbicn  forms  the  Upper  Gault  of  Buckingham- 
8hii*e  and  part  of  Bedfordshire  has  been  described  on  p.  286.  Similar  i)ale- 
coloured  Gault  marl  occurs  in  Norfolk  near  Stoke  Ferry,  and  when  Mr. 
W.  Hill  and  I  were  investigating  the  characters  and  stratigraphical 
relations  of  this  Norfolk  Gault,^  we  desired  to  compare  its  chemical 
composition  with  that  of  the  Upper  Gault  of  Bucks,  l  or  this  purpose  an 
analysis  of  a  sample  of  Gault  marl  from  Fancourt  was  made  for  us  oy  Mr. 
W.  D.  Severn  in  the  South  Kensington  Laboratory  with  the  following 
result.  The  sample  having  been  treated  with  boiling  concentrated 
hydrochloric  acid,  tnere  was  found  : — 

Moisture  at  100"  C. 2*00 

Insoluble  residue 38*21 

fLime 31*11 

Carbonic  Acid 22*39 

Phosphoric  Acid ,     -  '09 

Iron(asFeO) 2*00 

, Alumina 3*90 

99*70 

If  all  the  lime  in  this  is  supposed  to  be  united  with  Carbonic  Acid, 
there  would  be  53*50  of  calciimi  carbonate,  but  22*39  parts  of  carbonic 
acid  require  only  28*48  parts  of  lime,  so  the  actual  amount  of  calcium 
carbonate  indicated  by  this  analysis  is  onlv  60*87.  This,  however,  is  a 
very  high  proportion^  a  little  more  than  half  the  mass  of  the  deposit 
being  carbonate  of  lime.  The  remainder  of  the  lime  (2*63  per  cent.) 
probably  exists  in  combination  with  alumina  as  a  silicate,  and  was  set 
free  by  the  action  of  the  boiling  hydrochloric  acid. 

The  Lower  Gbult  of  Bedfordshire  and  Cambridgeshire  is  also  more 
calcareous  than  the  Lower  Gault  of  more  southern  coimties,  as  the  two 
following  analyses  will  show. 

The  first  is  an  analysis  of  Gault  dug  at  the  Arlesey  Cement  Works 
near  Hitchin,  and  for  this  I  am  indebted  to  Mr.  J.  Noel  Shillito,  the 
manager  of  the  company.    It  is  as  follows  : — 

Combined  water  and  organic  matter        -        -        -    9*51 

Carbonic  Acid 13*79 

Lime 17*54 

Alumina 14*07 

Iron  (as  FegOs) 2*41 

Silica 42*46 


99*78 


The  amounts  of  lime  and  carbonic  acid  are  here  exactly  (proportioned 
to   their  combining    weights,  and  are  equivalent  to  31*33    i)er  cent,  of 

*  Given  to  Mr.  Whitaker  by  Mr.  A.  E.  Carey,  Proc.  Inst.  Civ.   Eng., 
vol.  cvii.,  p.  41  (1892)  and  letter, 

*  See  Quart.  Journ.  Geol.  Soc,  vol.  xliii.  p.  686. 
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carbonate  of  lime.  The  amount  of  Alumina  is  not  large,  and  the  silica 
must  be  imrtly  in  the  state  of  finely  divided  quartz  sand. 

Mr.  Shillito  has  kindly  checked  this  analysis  so  far  as  the  amount  of 
calcium  carbonate  is  concerned  by  submitting  a  sample  of  the  Gault 
taken  from  the  neighbouring  brickyard  to  the  calcimeter  on  the  premises 
of  the  Cement  Works,  this  method  showing  26*26  i)er  cent,  of  calcium 
car])onate.  It  may  be  taken  as  certain,  therefore,  tliat  the  upper  part 
of  the  Lower  Gault  at  llitchin  contains  from  26  to  31  i)er  cent,  of 
carbonate  of  lime. 

The  following  is  an  analysis  of  Gault  clay  from  Hinx worth,  in  Bedford- 
shire, by  Prof.  Way,  quoted  by  Mr.  J.  B.  Denton  ^ : — 

Moisture  and  organic  matter 6*01 

Sand -66 

Clay 63-26 

Carbonate  of  lime 31 -07 


10000 


The  sample  appears  to  have  been  taken  from  the  Gault  immediately 
underlying  the  Cambridge  greensand  or  Coprolite  bed  which  was  then 
(1862)  being  worked  at  the  locality.  Mr.  Denton  describes  it  as 
"remarkably  stiff  and  tenacious,  though  impregnated  with  lime  from 
its  proximity  to  the  Chalk."  It  is  doubtful,  however,  whether  the 
proximity  of  the  Chalk  Marl  has  anything  to  do  with  the  pronortion 
of  carbonate  of  lime  in  the  Gault  here,  for  this  closely  corresjionas  witli 
the  amount  found  in  the  Gault  of  Arlesey,  and  is  much  less  than  that 
which  exists  in  the  Upper  Gault  of  Fancourt  west  of  Harlington. 

The  following  analyses  have  been  made  of  the  Upi)er  Gault  Marls  of 
Norfolk. 

No.  I.  is  that  of  a  grey  marl  taken  from  a  depth  of  5  feet  in  the  boring 
at  Roy  don  mentioned  on  p.  300,  analysed  by  Mr.  W.  D.  Severn. 

The  other  three  were  red  marls  and  were  analysed  by  Dr.  W.  Johnstone, 
No.  II.  being  from  Grimston,  No.  III.  from  Roydon,  and  No.  IV.  from 
the  boring  at  Dersingham  {see  p.  301). 


I. 

1 

II. 

in. 

IV. 

Silica  and  silicates  (insoluble)    - 
Carbonate  of  lime      *        *        '        " 
Carbonate  of  magnesia 
Sulphate  of  lime        ...        - 
Peroxide  of  iron         -        -        .        . 
Alumina  and  phosphoric  acid    - 
Organic  matter  and  water  - 

26*66 

66-31 

•46 

•81 
333 

1-86 

22-60 

69-50 

•90 

•66 

3^40 

1-60 

134 

2413 

6446 

•90 

•36 

6^00 

•90 

3-25 

25-70 

64-49 

1-32 

•33 

416 

•80 

3-20 

98^31 

100^00 

100-00 

100-00 

It  will  be  seen  that  these  are  highly  calcareous  marls,  and  they  are 
associated  with  a  limestone  which  was  also  analysed  by  Dr.  Johnstone 
with  the  following  result : — 

Insoluble  silica  and  silicates       .        -        -        -  6^64 

Carbonate  of  lime 89^46 

Carlx)nate  of  magnesia •IS 

Sulphate  of  lime 1^32 

Manganese ^40 

Alumina     ^ 1-40 

Peroxide  of  iron I'lO 


100-60 


*  Proc.  Inst.  Civ.  Eng.,  vol.  xxi.  p.  61 
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Analyses  of  Red  Chalk. 

Several  analyses  of  the  Red  Chalk  of  Hunstanton  have  been 
published,  and  six  of  those  have  been  collected  and  printed  in 
the  "  (jeology  of  tlio  liorders  of  the  Wash. "  ^  None  of  them 
however  are  vor\'  s.itistactory  and  they  differ  very  much  from 
one  another,  partly  because  they  have  been  made  by 
different  methods,  and  partly  bec^iuse  the  samples  analysed  were 
taken  from  different  parts  of  the  red  stratmn. 

Prof  A.  H.  Church  in  1863  ^  anal vsed  some  of  the  dark  red 
nodular  portions  of  the  rock  and  also  some  of  the  light  red  parts. 
He  says,  *'the  hard  nodules  contained  as  much  as  from  31*2  to 
3G'9  per  cent,  of  anhydrous  sesquioxide  of  iron,  while  the  pale 
red  varieties  ....  contained  no  more  than  from  12*73  to  41." 
He  gives  a  complete  analysis  of  the  dark  red  nodules,  but  as  this 
shows  16*41  per  cent,  or  water  it  was  evidently  not  dried,  and 
consequently  his  figures  do  not  accurately  represent  the 
proportions  of  the  mineral  ingredients  of  the  rock.  Thus 
supposing  half  the  quantity  oi  water  to  bo  driven  off  at  a 
temperature  of  100"  C.  the  proportion  of  ferric  oxide  would 
amount  to  40  per  cent,  instead  of  36*9  as  given. 

Dr.  W.  Johnstone  also  analysed  some  of  the  hard  rod  ncxlular 
lumps  about  the  year  1884  with  the  following  result : — 

Lime 22*839 

Carbonic  Acid        -        - 18*922 

Alumina 1*214 

Phosphoric  Acid "'^BCJ 

Peroxide  of  Iron 42*()H3 

( )xide  of  Manj[JC  uuse *T58 

Oxide  of  C)i»i»L'r '034 

Trioxide  of  Arsenic 1*280 

Sulphuric  Acid *342 

ChloriuiJ 1-023 

SilicA 8*425 

.Nfagnesia '708 

Water '120 

Organic  Matt.T 323 

Alkalien '951 

99*964 

This  sample  had  evidently  !>een  dried  at  a  high  temperature, 
and  the  amount  of  peroxide  of  iron  found  oontirms  Prof.  Church's 
analysis.  If  the  magnesia  exists  as  a  carbonate  there  is  1*486  of 
that  mineral,  and  if  the  phosphoric  acid  is  combined  with  lime 
there  is  -620  of  the  phosphate.  The  rest  of  the  lime  combined 
with  carbonic  acid  will  amount  to  40*327  per  cent,  of  carbonate 
of  lime.  This  is  small  compared  with  analyses  of  the  higher 
pink  or  light  red  portion  of  the  rock,  which  yields  from  80  to  83 
per  cent,  of  calcium  carbonate. 

The  following  analyses  were  carried  out  for  Prof  Liveing  by  Mr 
R.  A.  Berry,  F.I.C.,  and  are  published  by  their  kind  permission, 
with  the  accompanying  notes  by  Mr.  Berry  :— 

"  Professor  Liveing  having  suggested  that  it  was  probable  that 

^  Mem.  Geol.  Siirvey,  1899,  p.  38. 

'  Quart.  Journ.  Cheir.  Soc.,  N.  Ser.,  vol.  i.,  pp.  79-86 

IflSO.  X 
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the  Red  Chalk  contained  a  sensible  amount  of  phosphates  and 
that  it  would  be  interesting  to  determine  this  amount  and  to 
tind  in  what  state  of  combination  they  existed,  I  obtained  and 
analysed  three  Siimples  from  Hunstanton  and  three  from 
Candlesby  in  Lincolnshire. 

"In  the  analyses  of  Red  Chalk  published  prior  to  1896  no 
mention  is  made  of  the  existence  of  phosphates,  but  Prof.  H.  G. 
r»eoley,  writing  in  1864,^  stated  that  the  concretions  in  the 
midflle  part  of  the  rock  are  ph()sphati(^  and  that  *(mo  of  them, 
analysed  by  Professor  Liveing,  yielded  11  per  cent,  of  that 
substance.' 

*•  The  samples  were  prepared  for  analysis  by  first  breaking 
them  up  in  an  iron  mortar  and  picking  out  the  fossils  and  the 
large  quartz-grains.  The  crushed  chalk  was  then  run  through  a 
piece  of  fine  nuislin  and  ground  to  an  impalpable  powder  in  an 
agate  mortar.  It  was  next  dried  at  120^  C.  in  an  air  oven  for  four 
hours,  and  finally  placed  in  a  well -stoppered  bottle  for  the 
analysis.  I  made  a  complete  analysis  oi  each  sample,  with  a 
duplicate,  by  the  ordinary  method  for  analysing  limestones.  All 
the  phosphates  went  into  solution  as  ferric  phosphates  ;  to  find, 
therefore,  how  nmch  existed  originally  as  calcium  phosphate  I 
treated  a  portion  in  very  fine  powder  with  a  cold  dilute  solution 
of  acetic  acid,  allowed  the  acid  to  remain  in  contact  for  ten 
minutes,  then  filtered,  and  analysed  the  filtrate.  The  residue 
left  on  the  filter  was  dried  and  weighed,  dissolved  in 
hydrochloric  acid,  evaporated  to  dryness,  and  filtered;  the 
filtrate  was  then  analysed. 

'*  The  following  are  the  complete  analyses  of  the  three  samples 
from  Hunstanton : — 


Lower 

(reil).'-* 

Middle 
(<lark  red). 

V  i»|ier 

(light  red). 

Insoluble  matter    -        -        -        - 

10*48 

5-97 

18*7 

Colloid  silica 

3-9 

3*21 

317 

Calcium  phosphate 

•85 

1-65 

•32 

Ferric  phosphate    -        -        -        - 

177 

2-44 

•74 

Ferric  oxide 

5T)7 

4-62 

6*53 

Alumina 

1-44 

1-94 

1*25 

Manganese  dioxide 

Calcimn  carbonate  -        -        -        - 

•5 

1-3 

•88 

69-1 

74- 

64*45 

Magnesium  carbonate    - 

2*36 

1-93 

1*44 

Magnesium  chloride 

-21 

Lime 

2-31 

2-14 

r46 

Moisture 

•65 

•2 
99*40 

•45 

99-14 

99-39 

*  Quart.  Journ.  Geol.  Soc,  vol.  x.x.,  p.  328. 

■  It  must  l>e  remembered  that  large  tjuartz-grains  are  abundant  in  this 
portion,  and  that  these  were  picke<l  out  before  analysis  ;  still  it  is  curious 
that  the  sample  shpuld  have  contained  less  fine  siliceous  matter  tlifin  that 
from  the  highest  bed, — A.  J^  J.-B 
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"  At  Candlesby  in  Lincolnshire  the  Red  Chalk  is  about  12  feet 
in  thickness,  and  the  division  into  three  portions  is  still  more 
apparent,  but  they  are  not  of  equal  thickness  as  at  Hunsttinton. 
There  is  at  the  top  about  3  feet  of  what  is  called  pink  chalk ; 
the  next  or  middle  portion  is  much  harder  and  darker  in  colour, 
but  is  only  about  1  foot  thick ;  the  lower  portion  of  the  rock 
(7  or  8  feet)  is  of  a  blood-red  colour,  and  is  soft  and  crumbly. 
This  lower  part  is  separated  from  the  middle  one  by  a  thm 
layer  of  putty-like  marl,  of  dark  red  colour  and  about  1  inch  in 
thickness. 

"  Sam  r)l(?s  of  each  part  were  analysed  in  the  same  manner,  and 
the  n^sutts  were  ixs  below : — 


Insoluble  matter    - 
Colloid  silica  -        -        -        - 
Calcium  phosphate 
Ferric  phosphate    - 
Ferric  oxide   -        -        -        . 
Alumina         .        .        .        ^ 
Manganese  dioxide 
Calcium  carlnmate 
Magnesium  carbonate    - 

Lime 

Moisture 


Lower 

(dark  red). 


Middle 
(red). 


Uj)i)er 
(pmK). 


Commenting  on  these  results,  Mr.  Berry  says,  "in  four  out  of 
the  six  analyses  there  is  some  lime  remaming  uncombined,  but 
this,  I  think,  is  due  to  the  decomposition  of  the  alkaline  silicates 
present,  as  the  samples  give  an  alKaline  reaction  with  red  litmus 
paper  when  moistened.  It  is  also  clear  from  the  correlative 
variation  of  the  lime  and  the  colloid  silica  that  there  is  a  con- 
nection between  them. 

"According  to  the  above  determinations  both  calcium  phosphate 
and  ferric  phosphate  appear  to  exist  in  every  case  except  one, 
but  in  varying  quantities ;  the  largest  amount  occurs  m  the 
dark-red  sample  from  Hunstanton,  this  yielding  409  per  cent,  of 
phosphates  as  compared  with  106  in  the  top  bed.  At  Candlesby 
also  the  greatest  amount — I  02  per  cent. — occurs  in  the  dark-red 
bed.  The  amounts  found  in  the  Lincolnshire  beds  are  far  less 
than  those  in  the  Hunstanton  beds,  but  if  we  compare  the 
thickness  of  the  Red  Chalk  at  the  two  localities,  and  proportion 
the  phosphates  acconlingly,  the  toUil  amounts  would  be  nearly 
the  same,  viz.,  6*48  and  7*77. 

"  This  seems  to  show  that  the  amount  of  phosphates  present 
in  solution  or  otherwise  during  the  deposition  of  the  bed  at  the 
two  localities  w^^^  nearly  the  same,  but  that  at  Candlesby  (and 
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throughout  Lincolnshire)  there  was  a  more  abundant  growth  of 
calcareous  organisms,  so  that  the  Red  Chalk  of  that  county  more 
approaches  a  chalk  in  composition. 

"  The  ferric  phosphate  always  occurs  in  greater  quantity  than 
the  calcimn  ))hosphate,  and  it  appears  to  me  rather  strange  that 
any  of  the  latter  shoukl  exist  at  all  in  contact  with  so  much  iron. 
From  its  presence  one  would  almost  conclude  that  the  phosphate 
was  fii*st  deposited  as  calcium  phosphate  and  that  the  iron  was 
introduced  afterwards,  for  it  is  scarcely  probable  that  the 
formation  of  both  calcium  and  ferric  phospnates  should  be  in 
progress  at  the  «ime  time.  The  bed  may  possil)ly  have  derived 
its  phosi)hates  from  a  previously  formed  deposit,  which  was 
partly  decouiposed  and  remade.  However  this  may  have  been, 
the  results  seem  to  show  that  the  phosphate  was  deposited  as 
calcium  phosphate,  and  that  the  replacement  by  the  iron  took 
place  afterwards. 

*'  The  colour  oF  the  bed  is  well  known  to  be  due  to  limonite 
(hydrated  peroxide  of  iron),  but  the  amount  ot  ferric  hydrate 
present  does  not  seem  to  vary  in  ])roportion  to  the  richness  of 
colour  so  much  as  one  would  expect.' 

Before  the  above  analyses  by  Mr.  Berry  were  placed  at  my 
disposed  I  had  asked  Dr  \V.  Pollard  to  make  partial  analyses  of 
some  samples  of  Red  Chalk  from  Lincolnshire,  bec^iuse  till  that 
time  only  one  analysis  of  such  chalk  from  that  county  had  been 
published.  This  analysis  was  mad(j  by  Mr.  Meaburn  Staniland, 
and  was  published  in  the  memoir  on  the  Geology  of  East 
Lincolnshire  (p.  38) ;  it  is  as  follows :-- - 


ln»oluhIr  in  Hydrochloric  Acid  : 

Silica 4-40 

Peroxide  of  Iron     -        -        -        -        -        .        iT)G 


6*05 


Soluhle  }yortimi : 

Lime 49.3G 

Peroxide  of  Iron 1*95 

Magnesia j-lO 

Carbonic-  acid 41*20 

Ph(Mi)horic  acid trace 

Moisture I'Og 


94*70 
100*75 


This  indicates  a  percentage  of  about  88  of  calcium  carbonate. 

The  samples  analysed  by  Dr.  Pollard  were  obtained  for  us  by 
Mr.  M.  Staniland  from  exposures  at  Langton.  Sample  1  is  from 
a  layer  of  dark-red  shale  below  No.  2 :  Sample  2  is  a  red  chalk 
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two  feet  above  the  base,  these  are  both  from  Laneton  sand  pit 
described  on  p.  806 ;  Sample  i3  is  from  two  feet  below  the  white 
chalk  in  Langton  Chalk-pit.  Respecting  his  methods  of 
analyses  Dr.  Pollard  writes : — "  In  the  analyses  marked  A  the 
sample  was  treated  with  dilute  Hydrochloric  acid  (about  5  per 
cent  of  HCl.)  and  gradually  heated  to  boiling.  The  residue 
contained  most  of  the  iron  and  alumina. 

•  In  the  analyses  marked  B  the  sample  was  tre^ited  with  dilute 
Hydrochloric  acid,  boiled  to  remove  carbon  di-oxidc,  evaporated 
on  the  water  bath  to  dryness ;  the  mass  was  then  treated  with 
strong  Hydrochloric  acid  and  again  evaporated,  then  taken  up 
with  a  few  drops  of  Hydrochloric  acid  and  hot  water  and  tiltered. 
Practically  all  the  iron  was  then  got  into  solution. 

The  term  "  insoluble  residue  "  is  useless  and  misleading  unless 
the  conditions  under  which  it  was  determined  are  stated.  It 
will  be  seen  that  by  treatment  with  strong  Hydrochloric  acid 
almost  all  the  iron  oxide  was  dissolved  together  with  alumina 
and  more  Magnesia.  The  increase  of  Magnesia  is  probably  due 
to  the  decomposition  of  silicates. 

The  Carbon  di-oxide  was  determined  bv  direct  Aveighing. 
Small  quantities  of  Phosphoric  acid  and  or  Manganese  oxide 
Avere  found  in  all  three  samples  but  none  were  estimated. 


No.  1  (h 

)west). 

No.  :i 

(higher). 

No.  3  (highe- 1). 

A. 

B. 

A. 

i 

1     B. 

1 

A.      '      B. 

1 

Insoluble  residm 

50*3 

39-2 

230 

18-() 

1 

1 
H-7      J      7-4 

DUsolved  : 

1 

1 

Ferric  oxide 
iVlumiua 

1 

1     ** ' 

10-6 
51 

},., 

!       44 
,       1-2 

J     ""^             0-3 

Lime  - 

20*5 

20*4 

39-9 

39-8 

49"5           49*5 

Ma^esia     - 
Carbonic  acid 

0-6 

ro 

0-5 

i      0-9 

0*4             0-7 

15-7 

15-7 

31-0 

1     31  0 

38*9      1     38-9 

Water  at  105'      - 

4-0 

4-0 

2-0 

2*0 

0-5      ,     .  0-5 

„     above  105" 

2-7 

2-7 

1*5 

1       1-5 

0*9             0-9 

98-5 

98-7 

99*0 

1     99-4 

1 

99-8 

99-G 

Dr.  Pollard  adds  that  the  amount  of  silica  hi  No.  1  is  31 '5  per 
cent.,  in  No.  2,  13*7  per  cent.,  and  in  No.  3,  5*5  per  cent. 

Assummg  that  all  the  magnesia  in  the  A  columns  iy  in  tlic 
form  of  a  carbonate,  and  deducting  small  proportionate  amounts 
for  this  from  the  carbonate  acid  figures,  it  woiUd  appear  that  the 
amounts  of  Calcium  carbonate  in  the  three  samoles  are  respec- 
tively 34-3,  69*3,  and  87*5.  The  third  and  liighest  sample 
appears  to  agree  very  closely  in  composition  with  tnat  analysed 
by  Mr.  Stannand. 

Of  the  rod  marly  chalk  of  Speeton  two  analyses  were  made  for 
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Mr.  W.  Hill  by  Mr.  J.  W.  Knights  of  Cambridge  and  are  as 
follows  ^ : — 


Insoluble  siliceous  matter  - 
Oxide  of  iron  and  alumina 
Carbonate  of  lime 
Carbonate  of  magnesia 
Other  matter,  not  determined 


Lower  part. 

Upixjr  part. 

42*40 

10-20 

45- 

1-51 

•89 

24*(K) 
4-80 

59-60 
8-46 
2r>4 

100*00 

lOO-(K) 

From  these  it  is  seen  that  the  lower  part  is  really  an 
argillaceous  marl  eontiiining  nearly  as  much  siliceous  matter 
as  carbonate  of  lime.  The  upper  part  is  more  calcareous,  but 
seems  to  contain  a  large  amount  of  carbonate  of  magnesia; 
taking  the  sum  of  the  carbonates  ((j8*06)  it  is  neiirly  as 
calcareous  as  the  lower  part  of  the  red  chalk  of  Lincolnshire, 
while  the  lower  part  of  the  Speeton  deposit  approaches  more 
nearly  the  red  shale  which  separates  some  of  the  red  chalk  beds 
in  Lincolnshire. 

Analyses  of  Malmstones  and  Firestones. 

MnlmMone  has  been  described  in  this  volume  as  occurring  in 
the  counties  of  Surrey,  Hants,  Sussex,  N.  Dorset,  Wilts,  Berks, 
and  Oxford.  Some  account  of  its  nature  and  chemical  composi- 
tion has  been  given  on  page  54,  but  the  following  analyses  will 
furnish  the  reader  witii  more  particular  infomiation  on  this 
subject.  It  is  a  fine-grained  siliceous  rock,  the  silica  of  which  is 
largely  in  soluble  colloid  form. 

Firestone  is  a  similar  rock  differing  only  in  having  less  colloid 
silica  and  a  considerable  amount  of  carbonate  of  lime,  making  it 
a  harder  and  heavier  rock. 

Chert  has  also  been  described  on  p  64,  and  an  analysis  by 
Mr.  Meanwell  of  a  sample  from  Godstone  is  given  below.  The 
cherts  from  the  Chert  Beds  of  Wiltshire,  Dorset,  and  the  Isle  of 
Wight  have  probably  a  similar  composition,  for  the  microscope 
shows  that  thev  consist  mainly  of  insoluble  chalcedonic  silica 
enclosing  variable  amounts  of  glauconite  grains,  shell  fragments, 
&c. 

Associated  with  cherts  there  are  often  lumps  of  white  porous 
siliceous  stone.  Desiring  to  know  whether  these  contained  any 
colloid  silica  or  were  wholly  composed  of  the  chalcedonic  form  of 
that  mineral,  we  sent  two  samples  obtained  from  the  Vale  of 
Wardour  to  our  friend  Prof  J.  B.  Harrison  of  Georgetown, 
British  Guiana.  He  submitted  them  to  the  careful  and  elaborate 
method  of  determining  the  several  ingredients  which  has  been 
specially  devised  by  him  for  such  siliceous  rocks,  and  the  results 
are  given  below. 


See  Quart.  Jouin.  Gool.  Soc.,  xliv.,  p.  368. 
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The  following  are  analyses  by  Messrs.  Paine  and  Way,  ^  (1)  of  the  soft 
nialmstone  which  overlies  the  Gault  near  Famham,  that  is  to  say  the 
lowest  j)art  of  the  malmstone  series ;    (2)  of  a  calcareous  firestone  :— 


Combined  water 

Matter  soluble  in  dilute  acids  : 

Silicic  Acid 

Carbonic  Acid 

Phosphoric  Acid        .        -        .        . 

Lime 

Magnesia 

Potash 

Sixia  .        -        -        -        - 

Oxides  of  iron 

Alumina 

Matter  insoluble  in  dilute  acids  : 

Liirie 

Magnesia 

Potash 

Soda 

Alumina  with  a  little  oxide  of  iron  - 

Silicic  Acid  and  Sand 


1. 

•2. 

1          4-15 

VV)i) 

46*28 

indet. 

35  47 

trace 

15 

!           26 

44-90 

•07 

"2H 

•79 

•18 

1            43 

•3'i 

i         (i'U 

GU 

1         315 

1-46 

^•oi 

41 

trace 

10 

1  51 

•07 

-m 

•43 

1       14:iO 

9-2 

1       19*53 

13^09 

100*00 

1      99*90 

1 

The  first  material  api>ears  to  consist  entirely  of  colloid  silica  and 
argillaceous  niatter,  with  i>08sibly  some  fine  sand,  but  we  doubt  if  the 
soluble  silicic  acid  is  all  present  as  free  colloid  silica.  The  second  is  a 
sandy  limestone  containing  nearly  80  per  cent,  of  carbonate  of  lime,  9  or  lo 
l)er  cent,  of  sand,  and  a  little  argillaceous  matter.  This  was  probably  a 
very  calcareous  samj)le,  for  in  the  series  given  by  them  the  most  calcareous 
stone  contained  74*96  of  calcium  carbonate  with  8*20  per  cent,  of  soluble 
silica. 

The  following  are  analyses  of  two  malmstones  by  Prof.  J.  B.  Harrison, 
made  from  samples  supplied  by  ourselves,  No.  1  being  a  typical  Hampshire 
malmstone  from  a  quarry  south  of  Binstead,  and  No.  2  being  an  argil 
laceous  malmstone  from  Sutton  Mandeville  in  the  Vale  of  Wardour,  Wilts.' 


n 

*sbe 


1. 


( )rganic  matter  and  combined  water  -         -  ,         3'40 
Calcium  carbonate     -        -         -  -  ,       15*65 

Calcium  sulphate '  '03 

Colloid  silica ;      34*97 

Quartz  and  mica |        4*96 

Combined  silica  (by  difTerencH)  -  |      23*89 

Ferrous  oxide !  *18 

Ferric  oxide 

Alumina 

Lime  -        - 

Magnesia 

Alkalis 


2. 


8*55 


11*10 
31-84 
34*19 


i         3*52 
10*38 

} 

5-40 

43 

•71 

1*12    . 

8*18 

1*47 

indet. 

100*00 

100-2: 

*  Joum.  lloy.  Agric.  Soc.,  vol.  xii.,  p.  544 
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It  will  be  seen  that  the  first  lias  a  large  proixjrtion  of  colloid  silica 
(35  per  cent.),  with  over  15  jHjr  cent,  of  calcium  carbonate,  and  not  more 
than  40  per  cent,  of  quartz,  mica,  and  other  siliceous  inscredients.  The 
<>ther  is  very  earthy,  containin»jj  80  jjer  cent,  of  quartz  and  clay  with  only 
11  \ter  cent,  of  colloid  silica  and  no  carlnmate  of  lime;  there  is  also  an 
appreciable  amount  of  organic  matter,  for  Prof.  Han-ison  noted  that  the 
loss  on  ignition  amounted  to  3*80. 

Messrs.  Payne  and  Way  state  that  the  topmost  bed  of  the  Upper  Greensand 
near  Farnham  is  a  iiibbly  mass  of  broken  up  rock  10  to  20  feet  thick, 
which  is  impregnated  with  a  notable  (luantity  of  phosphatic  matter.  In 
this  many  noilules  of  a  piuc;  white  soft  substance  are  intersj>ersed,  and 
an  analysis  of  this  substance  gave  the  following  result^  : — 


Insoluble  siliceous  matter         -        -        -  16*82 

Soluble  silica 12-92 

Organic  matter 2*29 

l^hosphoric  acid '78 

Carbonic  acid 22*54 

Lime 34*68 

Magnesia I'Ol 

Oxide  of  iron  and  alumina        -  6*29 
Alkalis  not  determined. 

97*33 


If  all  the  carbonic  acid  is  combined  with  lime  to  form  carbonate  of 
lime,  there  is  51*22  i^er  cent,  of  this  material  in  the  rock,  leaving  an  excess 
of  6  per  cent,  of  lime,  of  which  '92  is  probably  combined  with  the  phos- 
phoric acid  and  the  remainder  (5*08)  is  in  the  form  of  a  silicate. 

Mr.  C.  W.  Mean  well  has  given  the  following  analysis  of  Chert  from  the 
stone  pits  at  Godstone,  "  a  highly  siliceous  hard  rock  containing  between 
7  and  8  i)er  cent,  of  carbonate  of  lime."'^  Dried  at  100^  C.  **  Average  of 
two  or  three  closely  agreeing  exi)eriinents  "  : — 


Silica  (insoluble) 87*10 

Silica  (soluble) *21 

Oxide  of  iron  Fe.>  ()., 1*59 

Oxide  of  aluminium  A  1..0.|       -        -        -  1*78 

Lime,  CaO       -        .     "  . "       .        .        .  4*39 

Magnesia,  MgO '28 

Carbonic  acid,  CO.j          -        -         -        -  3*45 

Alkalies  (soda),  Nao  O     -        -        -        -  *45 


99*25 


As  the  amount  of  Carbonic  Acid  is  exactly  proportional  to  the  amount 
of  lime  recpiired  to  fonn  carbonate  of  lime,  we  may  assume  that  the 
amount  of  such  carbonate  present  in  the  chert  was  7*84  jHir  cent.  The 
oxides  of  iron,  aluminium,  magnesium,  and  sodium  are  probably  present 
as  components  of  the  mineral  glauconite,  of  which  there  may  be  lietwecn 
7  and  8  per  cent.  The  remainder  of  the  stone,  Le,.  about  85  per  cent,  will 
consist  of  pure  silica,  but  how  much  of  this  is  soluole  in  alkaline  solutions 
was  not  detennined. 


^  Journ.  Hoy.  Agric.  Soc,  vol.  ix.  p.  74. 

^  Handbook  of   the  London  Geological   Field  Class,  by  Prof.   H.  G. 
Seoley  (1891),  p.  79. 
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The  following  are  analyses  by  Prof.  J.  B.  Harrison  of  white  ix)rou3 
siliceourt  concretions  from  the  Chert  beds  of  Wiltshire,  No.  1  being  from 
the  railway-cutting  near  Baverstock,  and  No.  2  being  from  the  road 
cutting  north  of  Teffont. 


Moisture  -        -        -        - 
Loss  on  igiiition 
Colloid  silica    - 
Quartz      -        -        .        - 
Clay-        -        -        -        - 
Iron  peroxide  and  alumina 
Calcium  oxide  - 
Magnesium  oxide 
Calcium  carl)onate    - 
Calcium  sulphate 


1. 


•10 

1-20 

2-10 

78*1 -2 

iro8 

V-20 

•70 

"2:^ 

4U9 


99-9:) 


2, 


•30 

1*60 

4*30 

82*40 

834 

^•40 

71 

•29 


UK)-34 


It  will  be  seen  that  in  one  of  these  s[)ecimens  there  is  no  carlx)nate  of 
lime  at  all,  and  in  the  other  one  only  4  i)er  cent.  The  amounts  of  colloid 
silica  are  also  very  small,  and  over  three  parts  of  the  concretion  consist  of 
silica,  entered  under  the  head  of  quartz,  which,  in  this  case,  means 
chalcedony.     Microscopic  analysis  coniinns  this  result. 


CHAPTER  XXIV. 

MICROSCOPICAL    STRUCTURE    AND    MINERAL 
INGREDIENTS  OF  GAULT  AND  RED  CHALK, 

By  William  Hill. 

Examination  of  Gault  clays  and  marls  by  means  of  the 
microscope  shows  that  they  consist  partly  of  material  in  a  very 
tine  state  of  division,  partly  of  tine  (letritus  consisting  of  deter- 
minable minerals,  such  as  quartz,  mica  and  ^lauconite,  together 
with  the  tests  of  minute  organisms  and  the  broken  debris  or  such 
tests. 

The  colour  is  in^ey,  darkest  where  the  quantity  of  inorganic 
matter  is  large,  lighter  in  dimples  which  presumably  contain 
mon*  calcareous  and  organic  material. 

When  thin  sections  of  Gault  are  viewed  by  transmitted  light, 
its  appearance  is  that  of  a  line  nuid ;  its  uniformity  is  hardly 
broken  by  the  few  larger  fragments  of  shell  and  of  rock  debris 
which  occur.  •  Opaque  masses  and  smaller  opaque  particles, 
probably  compounds  of  iron,  are  abundant  and  give  a  dirty 
appearance  to  the  whole ;  but  the  organic  constituents,  such  as 
iorauiinifora,  Ostracoda  and  shell  fragments,  are  more  or  less 
obscured  bv  the  line  material  of  the  matrix.  VV^here,  however, 
grains  of  glauconite  occur  they  stand  out  in  strong  relief. 

When  a  thin  section  is  viewed  with  polarised  hght  and  the 
Nicolls  are  crossed,  a  large  part  of  the  fine  material  is  seen  to  bo 
structureless,  and  to  give  no  reaction  with  the  light,  so  that  the 
quartz-grains,  the  shell  fi-agments,  and  other  particles  which  give 
a  strong  reaction,  seem  to  noat  in  a  translucent  medium. 

The  examination  of  Gault  by  means  of  thin  sections  yields  but 
little  information  as  to  the  proportion  of  the  dittbrent  constituents 
of  the  clay,  nor  does  it  reveal  any  special  structural  characters  by 
means  of  which  any  particular  parts  of  the  Gault  can  be  readily 
recognised  under  the  microscope. 

In  order  therefore  to  obtain  more  definite  information 
respectiuj{  the  composition  of  Gault  clays  and  what  dittcrences 
exist  in  sjimples  from  difterent  horizons  and  different  localities,  it 
is  necessary  to  break  up  a  number  of  bulk  samples,  to  wash  and 
sieve  theui,  and  then  to  examine  the  difterent  residues. 

The  process  adopted  will  be  described  more  minutely  in  the 
sequ(.'l ;  meantime  for  the  purposes  of  general  description,  the 
Gault  may  be  regarded  as  consisting  of  matter  in  three  difterent 
forms  or  states  of  division  : — 

1.  Coarse  particles,  (\isily  recognisable  under  a  |  lens. 

2.  Minute  parti(iles,  only  determinable  under  higher  powers. 

3.  Very  line  and  apparently  structureless  material. 
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Those  are  stated  in  order  of  coarseness  but  not  in  order  of 
proportional  importance  in  the  bulk,  for  in  ordinarj^  Gault  clays 
the  quantity  oi  coarse  particles  rarely  amounts  to  more  than  2 
per  cent.^  The  relatiA^e  amounts  of  Nos.  2  and  3  vary  consider- 
ably, but  at  Folkestone  the  structureless  matter  predominates  in 
the  Lower  Gault,  while  in  the  Upper  Gault  the  matrix  consists 
more  largely  of  minute  but  determinable  particles.  We  now 
give  some  description  of  the  several  constituents  in  the  order 
above-mentioned. 

General  Descripiion  of  Ingredients. 
/.  Coarse  Piirticle^'<. 

Derived  Minerals. — In  the  identiticixtion  of  the  mineral 
fragments  that  occurred  in  our  coarse  residues  wo  have  had 
the  assistance  of  Mr.  J.  J.  H.  Teall.  Mr.  Te^lll  remarks,  *  the 
very  small  amount  of  material  available  is  not  sufficient 
for  an  exhaustive  study  of  the  distribution  of  the  heavy 
minerals,  *  *  *  probably  others  would  be  found  if  a  lariJfer 
amount  of  material  were  examined.  Absence  of  reference  to 
minerals  in  any  given  case  mu.st  not  be  tak(^n  as  evidence 
that  they  arc  absent  from  the  deposit." 

Oi*  these  derived  minerals  quartz  is  the  most  abundant. 
It  occurs  in  every  specimen  examined  in  angular  or  sub-angular 
grains,  the  edges  of  which  are  usually  woni;  sometimes  the 
grains  are  well  rounded.  As  a  whole  th«.>se  from  ditferent 
localities  show  no  well  marked  ditterences,  but  they  are 
occasionailv  suiined  brownish  by  an  iron  oxide.  In  size  tliev 
range  from  I  m.m.  in  the  Gault  from  the  base  of  Bindou 
Cliff,  ])evon,  to  the  minutest  particles. 

Fragments  of  felspar,  though  not  nuinerous,  (x^.cur  in  the 
Gault  from  most  localities,  but  were  not  recognised  in  that  from 
Iloydon  in  Norfolk.  In  size  they  compare  with  the  averiig<^ 
(juartz  grain  and  may  be  distinguished  by  their  dull  milky 
white  appearance.  Mlcrocline  was  abundant  in  the  Gault 
above  the  "Middle  Greensand  Bed"  of  Folkestone,  and  ortlio- 
elase  in  that  of  the  Gubblecote  boring  (197  ft. ).  Small  mica  Hakes 
were  visible  in  nearly  all  specimens  exc(»pt  those  from  Noifolk, 
and  were  most  numerous  in  those  from  the  west  of  [England. 
Muscovite  was  abundant  in  those  from  the  Bindon  Cliffs. 

Mr.  Teall  remarks  that  "selenite  is  certainly  present  in 
the  specimen  from  the  base  of  the  Upper  Gault  of  Fo]kestoii(\" 
Of  the  heavy  minerals  zirc^on  and  rutilo  are  the  most  ('onuDon 
and  probably  occur  in  all  Gaults,  but  only  one  prism  of 
tourmaline  (blue)  was  noted  by  Mr.  Teall  in  any  of  the 
residues  except  those  from  Bindon  Cliff,  L>evon,  where  this 
mineral  was  common.     Magnetite  (scarce),  ihiionite  (abumhmt), 

^  To  this  statement  there  are  certain  exceptions  ;  the  becLs  at  it^junction 
with  the  Lower  Greensand  often  contiiin  a  large  (luantity  of  coarse  particles  ; 
the  highest  marls  at  Folkestone  and  elsowhere  contain  ")  or  (5  iK?r  cent,  of 
such  grains,  and  they  are  also  noticeable  in  the  layers  of  phosphatic  nodules 
which  occur  at  many  horizons. 
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garnet,  and  cyanite  all   occurred  in  the   coarse   residues  from 
this  locality. 

Secondary  Minerals. — The  most  abundant  secondary  mineral 
found  in  the  Gtiult  is  j^lauconite.  It  occurs  as  rounded  grains 
not  often  exceeding  '5  ni.in.  in  diameter.  Generally  dull  exteriorly, 
its  colour  varies  from  dark  green  or  nearly  black,  with  cle^ir  glassy 
fracture,  to  a  pale  dull  greyish  green.  Though  much  of  this 
mineral  is  probably  formed  in  the  cells  of  ioraminifera  such 
perfect  casts  as  one  often  sees  in  the  Lower  Chalk  are  not 
commonly  met  with,  and  little  trace  of  where  they  originated  can 
be  seen  in  the  irregularly  shaped,  rounded,  and  sometimes 
mamillated  grains.  CUauconite  rods,  probably  residuary  spicidar 
canals,  are  sometimes  seen.  Glauconite  is  not  confined  to  any- 
special  horizon,  but  occurs  in  varying  quantities  in  ever}'  specimen 
of  Gault,  sometimes,  as  in  the  "  Middle  Greensand "  ot 
Folkestone,  making  nearly  40  per  cent,  of  the  material. 

Marcasite,  (disulphide  of  iron)  occurs  in  irregular  masses,  in 
short  cylindrical  lengths,  or  in  minute  spherules.  In  its  forma- 
tion it  seems  to  form  a  cement ;  many  pieces  of  Gault  appear  to 
be  held  together  by  the  segregation  ot  this  material,  and  such 
masses  of  clay  are  studded  with  minute  brassy  metallic  grains. 
Mr.  Teall  preters  to  call  the  small  nodules  which  occur  in  nearly 
all  the  residues  marcasite,  because  it  is  like  in  fonu  and  appear- 
ance to  those  occurring  in  the  Chalk.  Of  their  formation  he 
says :  "  The  formation  of  iron  sulphide  ( FeS)  m  the  blue  muds  of 
modern  seas  has  been  shown  by  MuiTay  and  Irvane^  to  be  due  to 
the  deoxidation  of  the  sulphates  of  sea-water  by  decomposing 
organic  matter  and  the  union  of  the  sulphur  with  the  iron 
present  in  the  deposits."  In  these  clays,  which  may  be  compared 
with  blue  muds,  a  further  change  has  taken  place.  The  excess  of 
sulphur  left  by  the  reaction  described  by  the  authors  above- 
referred  to  has  united  with  the  FeS  to  form  FeS2 

Marcasite  frequently  infills  the  chambers  of  arenaceous 
foraminitera,  especially  in  the  lower  and  middle  part  of  the  Gault. 

Besides  Marcasite  there  also  occur  reddish  or  yellowish  brown 
ferruginous  masses,  sometimes  roughly  angular,  or  in  cylindrical 
lengths,  or  in  rounded  nodules,  more  rarely  as  the  cast  of  some 
organism. 

Minute  Organisms.— Foraminif era.    Of  the  minute  organ- 

isms  revealed  by  the  microscope  the  Foraminifera  are  the  most 
numerous  and  of  chief  interest.  They  contribute  but  httle,  not 
one  per  cent.,  to  the  bulk  of  the  material;  but  the  ease  with 
whicli  they  can  be  separated  from  the  matrix  and  the  number 
and  variety  of  their  forms  should  attract  workers  to  a  wide  field 
of  research. 

Th(^  tests  of  V'itreous  and  Porcellanous  Foraminifera  found  in 
the  Gault  seem  to  have  altered  but  httle  from  their  original 
condition,  and  optically  there  seems  Httle  diflerence  l)etween  tests 
from  the  Gault  and  those  from  recent  deep  se.i  so\!P.dings  wIhmv 


*  Trans.  Hoy.  Soc.  Edin.,  vol.  xxxvii.,  1893. 
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the  mud  contains  a  considorable  amount  of  teiTij]fGnou.s  material, 
such  as  in  Porcupine  soundings  1000  fathoms.     (^  Bay  of  Biscay.) 

The  tests  are  frequently  hollow,  but  the  chambers  are  usually 
filled  either  with  the  finer  material  of  the  Gault  or  with  crystal- 
line calcite  or  marcasite,  sometimes  with  glauconite,  and  rarely  a 
cast  mav  be  seen  in  brown  oxide  of  iron. 

Tests  of  Arenaceous  Foraminifera  are  comparatively  small  and 
puny  in  the  lower  beds  of  the  Folkestone  Gault,  but  become 
more  robust  at  higher  horizons,  and  the  sandy  particles  of  which 
the  tests  are  built  become  at  the  same  time  nuich  coarser. 

With  the  exception  of  the  excellent  scries  of  papers  by  Mr. 
Chapman,^  no  attempt  has  been  made  at  a  systematic  record  of 
the  occurrence  and  distribution  of  the  Foraminifera  of  the  Gault. 
In  the  papers  referred  to  Mr.  Chapman  has  recorded  the 
Foraminifera  of  the  Folkestone  Gault  bed  by  bed,  and  has 
figured  and  described  some  265  species  and  varieties.  According 
to  him  the  commonest  forms  of  the  Gault  in  this  locality  are 
Glf)bigerina  crefacpa,  AnoinaUruf  ainmQnoidp^,  Bolivina  fexti- 
Icirioides  and  Haplffphrfffpniurri  ntw/ioninoldes ;  but  there  are 
certain  species  which  are  especially  abundant  in  the  Upper 
Gault,  these  are  Tejrtnhirui  Tninufa,  VernoiiAllna  pj/gimea, 
Oatidryina  piipoide.9^  BidimiTin  PreMl,  Nodosaria  R&ineri, 
Rotidia  Soldan  ii  and  Mdiolina  reniista. 

Ostracoda. — Next  to  Foraminifera  Ostracods  are  the  most 
numerous  organisms.  Again  it  is  at  Folkestone  that  they  have 
been  worked  svstematically  by  Messrs.  F.  Chapman  and  C.  D. 
Sherbom,  who  liave  published  the  results  of  their  labours  in  the 
Geological  Magazine.^ 

Prior  to  this,  as  early  as  the  year  1?^49,  Professor  T.  Rupert 
Jones  figured  and  described  the  Entomostraca  of  the  Cretaceous 
Formations,  and  he  subsequently  published  a  supplementary  list.* 

Ostracods  occur  in  great  numbers  at  many  norizons  in  the 
Gault.  Messrs.  Chapman  and  Sherbom  remark, "  The  extreme 
profusion  of  certain  forms  in  particular  beds  is  remarkable,  and 
this  segregation  of  species  is  often  referable  to  the  lithological 
differences  met  with  in  the  various  strata."  They  say  further, 
"  The  slight  connecting  links  of  the  Gault  with  the  Jurassic 
Ostracoda  on  the  one  hand,  with  those  of  the  Tertiary  age  on  the 
other,  have  an  additional  palieontological  interest."  Messrs. 
Chapman  and  Sherbom  enumerate  66  species  and  varieties 
as  occurring  in  the  Guult  of  Folkestone,  the  most  abundant 
being  Cythere  harrisuina,  which  seems  to  occur  in  nearly  every 
bed,  but  is  most  abundant  between  Bed  3  and  the  lower  part 
of  Bed  11. 

Cythoreis  quadrilatera,  very  common  in  Bed  10  and  the 
lower  part  of  11. 


^  "The    Foraminifera    of   the    Gault   of    Folkestone,*'    Journal    Roy. 
Microscopical  Soc,  1892-1896. 
^  Geol.  Mag.,  August,  Dec.  3,  vol.  x.,  p.  345,  1893. 
'  Palseontographical  Society,  vol.  iii.,  1849,  and  vol.  xlii.,  1889. 
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Ciftherfii^  omamei^fis^'niKf,  witli  its  vurieties  occurs  at  about 
the  same  horizon,  while  the  vai.  muhi  is  found  somewhat  higher. 

Cf/flipriden  pvrforotd  is  fairly  abundant  in  all  l)eds,  with 
CyOui'dbf  oiutht  and  Mi'f  n><tiii't. 

Shell-Fragments,  &C. — Fragments  of  sliell  occur  in  all 
(xaults.  Thin  ttaky  pieces  which  may  bo  recognised  as 
belonging  to  Pecten,  Xiunda,  &(*.,  and  prisms  of  Inoccramus 
shells  are  the  most  abundant.  These  in  the  Gaidt  of 
Folkestone  are  almost  always  bored  by  j)arasitic  plants  which 
Dr.  Scott ^  refers  to  the  genera  OshumtUihr,  Oxfreohitrni,  and 
LytlKppi/fhluin.  Minute^  spines  of  Echinoderms  also  occur  in 
many  washings,  those  of  the  Folkestone  Gault  being  referred 
to  Hemifixior  and  PxpvfJtdUuhnna,  by  Dr.  Gregory.*  Fragments 
of  fish  bone  are  not  uncommon,  wliile  minute  fish  teeth  are 
frequ(nitly  si^^'U. 

Siliceous  Organisms. — Sponge  -  spicules  are  rare  in  the 
Gault.  llesiduary  (canals  of  glauconite  are  met  with  in  those 
parts  of  the  (rault  which  contain  this  mineral  in  profusion. 
The  spicule  of  an  .  Hexactinellid  spoiigo  waxs  met  with  in 
the  Gault  of  Bucks,  the  spicular  walls  either  replac(xl  by 
or  inicrusted  with  Marcasite.  We  have  been  uimble  to  recognise 
either  lladiolaria  or  Diatoms. 

2.  Finer  Part  ides. 

Besides  these  coarser  ingredients  the  finest  part  of  the 
Gault  is  made  up  of  minute  c^lc^reous  atoms,  some  of  which 
cixn  yet  be  recognised  as  fragments  of  Forammifera,  and 
shells.     Amongst    these    minute    particles    coccoliths    take    a 

Crominent  place,  and  are  sometmies  exceedingly  abundant 
ut  appear  to  be  all  of  the  pseudo-coccolith  type.^  J^^oy  are  ot 
the  usual  shai)e,  ovate,  with  central  disc  and  marginal  ring 
The  disc  contains  a  nuclear  spot,  and  is  sometimes  separated 
into  two  by  a  bar-like  marking.  More  rarely  it  is  ornamented 
by  a  cross  similar  to  those  of  the  chalk.  In  size  they  arc 
small  and  rarely  exceed  015  m.m.  in  their  longest  diameter. 

Rhabdoliths  also  occur  in  many  saumles,  and  are  especially 
conunon  in  the  pale  grey  Upper  Gault  of  Kent. 

8.  FineM  Materidl. 

Tliere  yet  remains  a  large  amount  of  structureless  material 
the  real  nature  of  which  it  is  difficult  to  determine  by 
optical  means,  and  its  amount  is  difficult  to  estimate.  A 
portion  is  doubtless  exceedingly  tine  rock  fragments  broken 
up    by    decomposition    and    attrition,  and  minute  Ciilcareous 

'  Funuiiinifcrimt'  tlioOault  aH  FolkcstoiiL',  by  K.  Cliapinan.  Trans,  Roy. 
Mic.  SiMioty,  isiH,  \K  :>()(;. 

-   K.  (Miapnijui,  Folkestoiit' (iaiilt,  l-sju. 

■"  Set*  (i.  Murray  and  V.  H.  Blackman,  Phil.  Trans.,  vol.  cxc,  p.  427. 
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particles  which  had  their  origin  in  the  various  organisms 
inhabiting  the  Gaiilt  sea.  But  when  Gault  ha.s  been  treated 
with  hydrochloric  acid  and  tho  calc^ireous  elements  removed, 
and  the  sand  as  far  as  practicable  reuioved  by  levigation, 
there  remain  shapeless  aggregations  ofa  structureless  amorphous 
material,  neutral  to  polarized  light,  colourless  and  translucent 
by  transmitted  light  when  the  mass  is  not  large,  but  when 
of  some  thickness  a  brown  shade;  may  be  observed.  Within 
these  aggregations,  when  the  Nic-olls  are  crossed,  are  many 
j)oints  of  hght,  an  ill-deKned  crypto-crystalline  apjiearance, 
as  though  minute  particles  of  (juartz  had  be<*ome  enUmgled 
in  the  amorphous  matter.  This  material  is  one  of  the  (diief 
ingredients  of  the  Gault,  and  is  probably  a  silicate  of  alumina 
derived  from  tho  decomposition  ot  soda  or  potash  felspai-s. 

Mr,  Teall  has  kindly  shown  us  the  section  of  a  weathered 
felspar  in  which  decomposition  has  begun  to  take  place.  A 
cloudy  appeiirance  is  tirst  seen  in  the  clear  crystals  of  the  rock, 
which  subsequently  develops  a  crypto  crystalline  structure,  as 
though  the  rock  was  breaking  up  mto  particles,  ciich  with  its 
own  optical  axis.  There  was  a  strong  resemblance  in  this  part 
of  tho  felspar  to  the  minute  particles  entangled  in  the 
amorphous  material  of  the  Gault. 

Description  of  Residues  Examined. 

To  obtiiin  some  data  for  comparison  between  Gaults  of 
different  localities,  the  following  examples  were  tiiken : — 

1.  A  series  of  specimens  from  various  horizons  at  Folkestone. 

2.  A  number  of  specimens  obtained  from  a  boring  made  at 
Gubblecote,  near  Tring  (Bucks). 

3.  Samples  from  the  boring  at  Roydon,  Norfolk  (see  p.  300). 

4.  Samples  from  the  Gault  exposed  at  tho  base  of  Bindon 
C^liflfe,  east  of  Seaton  in  Devonshire. 

5.  Besides  these  were  three  examples  of  GauU  fi-om  the 
Medwav  Vallev,  two  from  Bedfordshu'e,  and  two  from  Wilts. 
In  preparing  these  examples  for  examination  the  method 
employed  by  Dr.  Hume  was  followed  as  far  as  practicable.^ 

No  definite  weight  of  material  was  however  .tiiken,  the  quantity  being 
governed  by  the  size  of  the  specimen  and  amount  of  material  at  disposal. 
In  each  experiment  the  clay  was  dried  for  more  than  two  hours  at  not 
less  than  100^  C,  and  then  submitted  to  the  action  of  a  20%  solution  of 
hydrochloric  acid,  for  one  and  a-half  hours,  the  lightest  material  gradually 
poured  off  leaving  a  residue  of  the  coarser  particles.  To  remove  the 
calcium  chloride,  these  residues  were  washed  separately  with  hot  water 
until  there  was  no  reaction,  with  a  solution  of  nitrate  of  silver,  then  drietl 
and  weighed,  and  from  these  weighings  the  percentages  of  each  was 
calculated.  When  it  seemed  necessary  a  further  sej)aration  of  the  coarse 
residue  was  etfectcKl  by  yiassing  it  through  three  sieves  of  30,  (>0,  and  90 

'  See  Chemical  ami  Micro-mi rn.MJilngiciil  Hesoarchos (in  the  ( 'halk  (London, 
1893),  and  The  Cretioeous  Strata  (if  C-ounty  Antrim,  C^uart.  Journ.  Geol, 
Soc.,  vol,  liii.  p.  540,  1897. 
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incshes  to  tlie  inch,  eich  division  being  weighed  separately  and  the  per- 
centage hy  weight  of  each  calculated.  These  oivisions  of  the  coarse  residue 
will  be  referred  to  as  A.  B.  C.  and  D.  respectively,  D.  being  that  collected 
in  the  receiver  below,  after  [)a.ssing  throuj^h  the  sieves.  The  fine  clay  which 
was  separated  from  the  coarser  particles  by  the  washing  will  be  called  the 
main  residue. 

This  method  of  treating  clays  is  not  quite  so  satisfactory  from  a  chemical 
])oint  of  view  as  when  applied  to  chalks,  for  the  Oault  contains  matter  of 
varying  de^ees  of  solubility,  and  the  amount  removed  depends  on  the 
length  of  time  allowed  for  the  acid  to  take  effect.  It  was  found  in  some 
specimens  that  when  so  far  as  could  be  ascertained  the  action  of  the  acid 
had  ceased,  it  began  again  briskly  when  hot  water  was  added  for  washing 
purposes.  Not  only  did  this  reaction  occur  amcmg  the  coarser  particles 
but  in  the  fine  residue  also  :  it  was  s})ecially  evident  in  tho.se  specimens 
which  contained  phosphatic  nodules. 

In  order  to  extract  the  coarser  calcareous  particles  as  well  as  those  uix>n 
which  acid  had  no  effect,  a  fresh  i)ortion  was  washed  (y^ithout  acid)  through 
the  finest  sieve  C,  and  the  percentage  of  the  residuum  estimated  by  weight. 
When  specimens  permittee!  100  granmies  were  taken,  in  other  cases  a 
smaller  (luantity.  It  was  found  clifficult  to  separate  all  the  finest  particles 
of  sand  from  the  coarse  washings,  small  aggregations  which  had  sutticient 
cohesion  sometimes  remained  and  were  weighed  with  the  coarse  residues. 

Small  lumps  of  the  clay  frequently  refused  to  break  up  after  repeated 
washing  and  drying,  but  m  the  progress  of  these  experiments  it  was  found 
that  a  little  washing  soda  added  to  the  hot  water  enectually  accomplished 
this  in  a  few  moments  without  injury  to  the  Foraminifera. 

All  the  coarse  residues  have  been  submitted  to  Mr.  Teall,  and  Mr. 
Chapman  has  been  kind  enough  to  name  all  the  Foraminifera  we  isolated 
in  the  washings. 

Folkestone  Qault. 

The  zones  of  the  (iault  of  Folkestone  have  been  studied  by  Mr.  Chapman,^ 
who  not  only  examined  the  clay  for  its  foraminiferal  contents,  but  also 
worked  out  the  percentage  of  the  coarser  particles  of  the  various  zones 
which  he  separated  by  levigation.  He  does  not  however  in  this  paper 
give  us  the  amoimt  of  soluble  material.  In  order  to  compare  with  other 
examples  seven  s^cimens  were  taken  from  the  Gault  exi)osed  in  the  cliffs 
at  Copt  Point.     The  results  of  their  examination  were  as  follows  : — 

Ko.  1,  five  feet  from  the  base.  Main  residue  86 '33  per  cent.  This 
consisted  chiefly  of  the  amorphous  material  of  the  clay,  together  with 
minute  mineral  particles,  grains  of  glauconite,  which  were  rather  abundant, 
and  a  few  minute  foraminifera.  Only  '47  per  cent,  of  coarse  particles  was 
separated  from  the  main  residue  and  13*20  per  cent,  of  the  material  was 
dissolved  by  the  acid. 

The  residue  all  passed  through  sieve  A.,  and  only  10  |>er  cent,  of  it  was 
retained  by  B.  and  C.  In  this  the  larger  quartz  grains  were  angular  or  sub- 
angular,  with  edges  slightly  worn.  Their  average  longest  diam.  '2  m.m., 
maximum  '38  m.m.  A  few  small  nodules  of  Marcasite,  grains  and  rods  of 
glauconite  not  numerous.  A  few  masses  of  the  clay  not  broken  up  by  the 
acid  were  included  as  well  as  a  few  of  the  larger  foraminifera. 

The  remainder,  D.,  forms  90  per  cent.  It  consists  chiefly  of  fine  quartz 
grains,  amongst  which  a  few  fragments  of  an  alkali  felsjwir  can  be  recog- 
nised, and  much  glauc<^)nite.  Small  nodulas  of  Marcasite  were  common. 
Average  size  of  the  quartz  grains  '08  m.m.  Many  small  arenaceous  fora- 
minifera occurred,  their  cells  fre^juently  infilled  with  Marcasite. 

The  following  species  were  noted— If aptojyhrcupntuni  nonioninoideSy 
Gaudryina  rmpoides,  Bolimna  textiUai^yvdes^  Anonuilina  ammonoides 
and  Anomalina  nidis. 

Ko.  2,  fifteen  feet  from  the  base  of  the  Gault.  Main  residue  85*70  per 
cent.,  coaise  residue  •")2  per  cent,  soluble  in  acid  1378  per  cent. 


*  See  papers  in  Joum.  Koy.  Mic.  Soc.,  from  1891  to  1898. 
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The  main  residue  was  as  usual  the  fine  amorphous  material  of  the  clay ; 
entangled  in  it  are  minute  mineral  particles  which  it  appears  impossible 
to  separate. 

It  will  be  unnecessary  to  refer  in  detail  to  the  main  residues  except  to 
call  attention  to  an  especial  peculiarity  :  they  all  resemble  each  other,  their 
diflferences  being  reflected  by  the  coarse  residues,  the  finest  particles  of 
which  come  away  with  the  amorphous  matter  of  the  clay. 

The  coarse  residue  is  distinguished  from  the  last  by  the  abundance  of 
minute  nodules  of  Marca.site  which  form  nearly  the  whole  of  the  coarser 
material  and  the  comparative  absence  of  quartz  and  glauconite. 

The  Marcasite  occurs  in  cylindrical,  rounded,  and  angular  masses 
Mr.  Teall  says  of  the.«e,  **  The  nodules,  though  only  microscopic,  are  often 
precisely  similar  in  fonn  and  geneml  apiK^arance  to  those  occurring  in  the 
Chalk,  and  on  this  account  are  referred  to  Marcasite  mther  than  the  ordinary 
cubical  pyritt^s."  In  some  si»eciniens  the  Marciusito  hius  been  more  or  less 
oxidized. 

Mr.  Chapman'  says  of  the  Gault  at  this  horizon,  "The  fine  washings 
yield  26'61  i)er  cent,  of  iron  in  a  state  of  ferrous  oxide."  In  the  finest 
siftintfs  (D.)of  the  coarse  residue  minute  reddish  brown  Ixxiies  occur  ;  these 
are  also  referred  to  by  Mr.  Cha))man  as  follows  :  "  They  appear  to  be  casts 
of  Ar.onialrmiy  as  a  series  can  be  made  out  graduating  from  the  infilled 
shell  of  the  foraminifera  to  the  roughly  spherical  cast  with  its  non-stained 
umbilical  depression."     They  appear  to  be  of  carbonate  of  iron. 

Mr.  Teall  says  ot  this  residue,  "Selenite  is  certainly  present."  This 
mineral  occurs  in  minute  aggregations,  which  at  first  sight  are  not  unlike 
the  bodies  alx)ve  referred  to.  The  few  quartz  grains  averaged  '1  m.m. 
maximimi  '18  m.m. 

Arenaceous  foraminifera  not  numerous  and  small ;  there  fxicurred  I/aplo- 
phragmium  (three  species),  Gaudryimi  Jilifm'mis  and  Lagena  apiculata. 

Ko.  3.  Base  of  the  Ufmer  Gault.  Main  residue  59*19  per  cent.  Coarse 
residue  '23  j^er  cent.,  soluble  in  acid  40*58  per  cent. 

More  than  half  the  coarse  residue  of  this  specimen  (A,  B.  and  C.) 
consisted  of  nodules  of  Marcasite,  the  external  ap})earance  ot  which  is  more 
silvery  than  those  below. 

The  remainder  D.  consisted  of  fine  (quartz  and  glauconite  grains,  averaging 
about  *08  m.m.  in  their  longest  diameter,  a  few  spheres  of  Marcasite 
and  a  very  large  number  of  the  minute  bodies  already  referred  to. 

Arenaceous  foraminifera  were  more  abundant  and  robust ;  the  following 
species  occurred — llaplophragmium  nonioninoides,  Amnwdiscus  incertus, 
Trochammina  concavOj  uaudryirui  dispansa,  and  Gaudnjina  jmjxndes. 

Ko.  4.  Base  of  the  bed  locally  known  as  the  Middle  Greensand. 
Main  residue  38*20  per  cent,  coarse  residue  40*14  i)er  cent.,  soluble  in  acid 
21*66  per  cent. 

As  might  bj  expected  from  the  character  of  the  coarse  residue,  the  main 
residue  contains  an  exceptional  number  of  minute  grains  of  glauconite. 

The  coarse  residue  is  nearly  all  glauconite,  and  when  separated  in  three 
divisions,  by  sifting,  shows  the  comparative  size  of  the  grains,  which 
ai)j;)ear  well  rolled.  That  retained  by  tlie  A.  and  B.  sieves  is  2*3  per  cent., 
cniefly  glauconite  grains,  and  pieces  of  a  dull  greenish  material  easily 
crushed  but  somewhat  tough.  Average  size  of  glauconite  grains,  *35  m.m., 
two  or  three  large  quartz  grains,  maxinmm  *43  m.m.,  and  three  large 
arenaceous  forammifera  {Jhdimirm  Presli). 

More  than  half  the  residue  consists  of  medium-sized  grains  and  is 
retained  in  sieve  C,  52*9  per  cent.  The  tests  of  arenaceous  foraminifera  are 
estimated  to  foim  3  per  cent,  of  this  division,  the  remainder  nearly  pure 
glauconite  in  grains  averaging  *15  to  *18  m.m. 

D.  The  remaining  44*8  i)er  cent,  similar  to  C,  but  finer,  containing  a 
large  proportion  of  quartz  averaging  *!  m.m.    Spheres  of  Marcasite  occurred. 

Mr.  Chapman,  remarking  on  the  glauconite  of  this  bed,  says,^  "A 
noteworthy  i>oint  about  this  deposit  is  that  the  glauconite  casts 
have  been   fonned   at  a  less    depth    than   that  at  which   the  associated 


*  Journ.  Roy.  Mic.  Soc,  1891,  p.  668. 
»  Natural  Science,  Nov.  1898,  p.  310. 
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foraniinifera  lived ;  for  the  fomnirniferal  tests,  mingled  with  the 
glauconitic  ca8t«  .  .  .  undoubtedly  belong  to  a  later  period  than 
the  originals  of  the  casts  themselves." 

Wo.  6.  Bluish-grey  Gault  al)out  thi-ee  feet  above  the  Greensand  Bed. 
Main  residue  66*18  ner  cent.,  coarse  residue '73  per  cent.,  soluble  in  acid 
33*09  per  cent.  Witn  the  exceptitm  of  a  few  large  mineral  grains  and 
nodules  of  Marcasite  (numbering  in  all  about  a  df  zen)  and  an  equal 
number  of  the  larger  arenaceous  foraniinifera  {BuUmina  Fresli  and  its 
variety  sabulosd)  the  whole  of  this  coarse  residue  passed  through  all  sieves. 
It  consists  of  very  fine  sand  and  minute  grains  of  glauconite,  the  latter 
estimated  at  10  per  cent,  of  the  residue.  Sir.  Teall  notes  that  "grains  of 
quartz  and  felsjuir  (microcline)  are  abundant,  with  some  zircons,  and  one 
small  prism  of  blue  tourmaline  was  observed  besides  a  few  small  spheres 
of  Marcasite."  The  sand  grains  are  very  even  in  size  and  avei'age  about 
05  m.m.  to  '08  m.m.  in  their  longest  diameter. 

Wo.  6.  Pale  grey  Gault,  four  feet  above  the  last.  Main  residue 
6904,  coarse  residue  ri3  per  cent.,  soluble  in  acid  29*83  per  cent 

The  clayey  matter  of  tUe  main  residue  contains  more  mineral 
particles  than  the  last  examples,  fragments  which  appear  to  be  foraminiferal 
debris  (arenaceous),  and  minute  grains  of  glauconite  being  also  more 
numerous. 

No  division  was  necessary  in  the  coarse  residue ;  it  consisted 
entirely  of  tine  sand,  chieily  quartz,  with  arenaceous  foraminifera  and 
glauconitic  grains,  the  average  size  of  the  quartz  grains  being  about 
the  same  as  in  tne  last  exam])le. 

ArenaceoiLs  foraminifera  were  abundant  in  point  of  numbers,  but 
Bidiinina  Fresli  and  its  variety  safmlosa  were  the  only  si)ecies  noted. 

Ko.  7.  Pale  grey  Gault,  hve  feet  below  the  Chloritic  Marl.  This 
specimen,  though  a  clay,  has  a  distinctly  ditferent  feeling  in  the  hand 
when  compared  with  those  below ;  it  reminds  one  of  the  silty  beds 
in  the  lower  part  of  the  Upi)er  Greensand.  Main  residue  66*82  per 
cent.,  coarse  residue  .5*74  per  cent.,  soluble  in  acid  27*44  per  cent. 
The  coarse  residue  was  similar  to  the  last.  Glauconitic  grains,  which 
in  this  specimen  included  casts  of  si)icular  canals  were,  however,  more 
abundant,  their  estimated  proix)rtion  in  this  division  being  15  per  cent. 
Mr.  Teall  recognises  amount  the  sand  grains  fi*agments  of  an  alkali 
felspar,  while  the  heavy  minerals,  zircon  and  rutile,  are  more  frequent 
than  in  any  of  the  other  si>ecimens. 

The  average  size  of  the  sand  grains  is  rather  larger,  viz.,  '1  m.m. 
Arenaceous  foraminifera  abundant  ;"  the  folloA^ing  were  noted, 
Haplophra(imium  nonioiiiiurideSy  Tritaxui  tricarinata  and  pyramidato^ 
Buiimimi  Orbignyiy  B.  obtusay  and  B.  Fresli  and  its  variety  scmUosa. 

A  further  examination  of  these  sj>ecimens  was  made  by  washing  one 
hundred  granmies  of  each  through  the  finest  sieve  (C.)  and  ascertaming 
by  weight  the  proportion  of  the  coarse  residuum.  A  similar  estimate 
has  been  made  by  Mr.  F.  Chapman,^  who  separated  the  coarse  particles 
by  levigation.  Our  own  observations  agree  with  h^'s,  and  show  how  small 
is  the  proportion  of  recognisable  particles,  organic  or  inorganic,  in  the 
mass  of  the  Folkestone  Gault. 

The  first  two  sj)eciniens  (1  and  -l)  yielded  a  residuum  just  under  one  per 
cent.  This  consisted,  partly  of  the  minerals  already  described,  but  adso 
contained  grains  of  quartz,  glauccnite,  nodules  of  marcasite  and  shell 
fragments  (chiefiy  of  Pecten  and  Nucala),  minute  spines  of  an  Echinoderm, 
Foraniinifera,  and  the  valves  of  Ostracods  ;  also  a  few  scales  and  teeth  of 
Fish.  It  is  difficult  to  estimate  the  proportions  of  organic  and  inorganic 
particles,  but  *53  gramme  gave  a  residue  of  "17  gramme,  or  a  loss  of  66  per 
cent.,  chiefiy  due  in  all  probability  to  the  calcite  contained  in  the 
organic  constituents. 

Specimen  3  yielded  a  larger  residuum,  li  per  cent,  the  major  part 
of  which  couvsisted  of  shell  fragments,  chiefly  thin  and  flaky  like  the 
preceding,  but  containing  prisms  and  fragments  of  Inoceramus  which  were 
absent  m  1  and  2.    Many  of  these  shelly  fragments  seemed  to  have  become 


*  Journ.  Roy.  Mic.  Soc.,  1881,  pi  660. 
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thickened  by  the  tedeposition  of  calcite.  A  few  large  glauconitic  grains 
occurred  measuring  '35  ra.m..  none  such  occurring  in  the  acid  residue. 
There  was  also  a  well-raarkea  cast  of  a  small  bivalve  and  a  round  nodule, 
both  of  brown  ferruginous  material  (?oxidized  marcasite).  This  specimen 
is  a  rather  calcareous  gault,  and  examination  of  the  finest  material 
showed  that  pseudo-coccoliths  were  much  more  abundant  than  in  the  clay 
below,  and  must  form  an  appreciable  (juantity  in  the  line  matrix.  There 
were  also  a  large  number  of  distinct  separate  crystals  of  calcite,  rather 
minute^  but  apparently  no  part  of  any  recognisable  organism. 

Specmien  4.  The  "  Middle  Greensand "  ^ave  a  residuum  of  27  \ter 
cent.,  and  5  per  cent,  of  this  consisted  of  minute  phosphatic  nodules,  or 
fragments  of  such,  while  many  smaller  pieces  could  b^  noted  in  that 
part  of  the  material  which  had  passed  through  the  sieve.  The  remainder 
seemed  pure  glauconitic  grains  and  foraminifera.  Shell  fragments  in 
this  were  comparatively  rare  ;  a  few  flaky  pieces  and  some  prisms  of 
Inoceramus  shell    occurred,  and  the  small  spine  of  an  Echinoderm. 

In  the  fine  washings  which  had  passed  through  the  sieve  small 
glauconitic  grains  were  very  abundant,  with  minute  foraminifera  and 
sand  grains. 

In  specimen  No.  7  the  material  ^'as  so  fine  that,  with  the  exception 
of  the  larger  foraminifera,  nearly  AM  passed  through  the  sieve.  The 
residuum,  less  than  1  .  per  cent.,  consisted  of  foraminifera  and  brown 
jMirticles,  pi*obably  oxidised  marcasite,  and  one  or  two  silvery  nodules  of 
that  mineral. 

Aylesford  and  Bnrham. 

Three  other  specimens  of  the  Kentish  Gault  were  examined ;  one  from 
the  pale-grey  gault  at  the  top  of  the  pip  at  Aylesf6rd,  one  from  a  few  feet 
below  this  in  bluish-grey  clay,  and  a  third  from  the  pale  olive  grey  gault  in 
the  upper  part  of  the  pit  at  Burham.    The  residues  are  given  on  page  :J50. 

The  two  pale-grey  clavs  from  Burham  and  Aylesford  aie  practically 
alike.  In  the  coarse  residues  from  both,  there  was  comparatively  a  very 
little  quartz  sand,  and  they  consisted  almost  entirely  of  brown  ferruginous 
nodules  which  may  be  oxidised  marcasite,  and  a  few  nodules  of  this 
mineral  unaltered.  A  very  few  glauconitic  grains.  Arenaceous  foraminifera 
constitute  at  least  5  per  cent,  of  these  residues ;  they  are  fine  bold 
specimens,  among  which  Bultmina  Prtdi  and  a  Tritrtxia  are  conspicuous. 

Both  are  calcareous  gaults,  and  when  fine  washings  (without  acid)  ftre 
examined,  minute  foraminifera,  Globigerincey  Textuiariuns^  &c.,  are  seen 
to  be  very  numerous.  Pseudo-coccoliths  and  Rhabdoliths  are  very 
abundant.    Mineral  grains  of  all  kinds  are  scarce. 

The  third  specimen  from  just  below  the  pale-grey  clay  at  Aylesford  is 
like  the  two  preceding  in  the  absence  of  quartz  and  glauconite,  but  while 
foraminifera  seem  to  be  almost  as  common,  analyses  show  that  the  pro- 
portion of  calcite  is  not  so  large. 

When  viewed  in  thin  sections  under  the  microscope  all  three  of  these 
specimens  seem  to  be  the  finest  and  most  evenly  constituted  clay  of  all 
those  examined. 

Gkiult  in  Boring  at  Onbbleoote,  Bucks. 

This  boring,  which  pierced  nearly  the  whole  of  the  Gault  in  this 
locality,  was  made  at  tne  instance  of  Mr.  Jukes-Browne  to  prove  the 
thickness  of  the  clay.    Particulars  of  it  have  been  given  on  page  282. 

Six  specimens  were  taken  for  examination 

Wo.  1  from  2:22  ft.  Main  residue  36*89  per  cent.  Coarse  residue  36*20 
per  cent.    Soluble  in  acid  26*91  per  cent. 

The  coarse  residue  was  a  quartzose  sand,  evidently  derived  from  the 
top  of  the  Lower  Greensand,  and  churned  up  by  the  boring  tool. 

Ko.  2.  210  ft.  Main  residue  78*98  per  cent.  Coarse  residue  1*53  i)er 
cent.    Soluble  in  acid  19*49  per  cent. 
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The  main  residue  was  chiefly  fine  amorphous  material,  rather  mofd 
dirty  than  that  of  Folkestone,  containing  a  greater  number  of  black  specks 
and  particles  ;  there  were  but  few  fine  mineral  ^mrticles  and  scarcely  any 
glauconite.  The  coarse  residue  when  sifted  was  divided  into  three  parts  ; 
the  first,  B.29  per  cent.,  consisted  of  a  few  masses  of  clay  not  broken  up  by 
the  acid  and  a  large  number  of  ovoid  forms  alike  at  both  ends  made  up  of 
the  finest  material  of  the  clay,  easily  broken  on  pressure,  but  disclosing 
no  structure.  The  largest  were  '35  m.m.  long  by  '16  m.m.  i^idtb. 
Subsequently  rej^eated  drying  and  washing  with  hot  water  and  soda  failed 
to  break  them  up. 

Bodies  of  a  very  similar  nature  were  observed  in  certain  muds 
obtained  by  the  Challenger  Expedition,  of  which  the  following  description 
isgiven^: — 

'In  examining  samples  of  Blue  muds,  and  especially  those  near  the 
mouths  of  rivers,  many  oval-shai^ed  bodies  al)out  "5  m.m.  in  length  were 
observed.  These  were  described  by  some  observers  as  Foraminifera. 
Mr.  Murray,  after  numerous  observations,  came  to  the  conclusion  that 
they  were  mostly  the  excreta  of  Echinoderms.  principally  Holothurians. 
When  these  pellets  are  voided  by  the  animal  they  are  covered  by  a 
slimy  substance ;  many  of  them  may  indeed  be  united  in  a  chain.  In 
some  deposits  this  dung  is  exceeding  abundant,  but  as  a  rule  it  is 
impossible  to  recognise  these  oval  bodies  in  any  of  the  organic  oozes 
.  .  ..They  appear  to  fall  asunder  when  the  deposit  is  granular  like  a 
Globigerine  ooze."    .    .    . 

There  were  about  a  dozen  large  mineral  grains  mostly  glassy  quartz  ; 
amongst  them  were  some  fragments  of  an  alkali  felspar.  The  maximum 
size  of  these  grains  was  '5  m.m.  There  were  also  a  few  grains  of  glauconite 
'35  m.m.  in  their  longest  diameter.  Foraminifera  were  not  comnaon ;  those 
occurring  were  large  bold  specimens  of  Haplophragmium  noniomjuyides* 

C.  44  per  cent.,  much  the  same  character  as  the  preceding,  but  smaller 
particles. 

D.  27  per  cent.  Mineral  grains  averaging  about  *!  m.m.  and  a  few 
of  glauconite.  The  minute  reddish-brown  bodies  noticed  in  the  F<ilkestone 
Gkult  15  feet  above  the  base  were  extremely  numerous  and  were  estimated 
to  form  quite  two-thirds  of  this  part  of  the  coarse  residue. 

No.  3.  197  feet.  Main  residue  74*92  per  cent.  Coarse  residue  7'33  per 
cent.    Soluble  in  acid  17*75  j)er  cent. 

Minute  mineral  and  glauconitic  grains  occur  in  the  main  residue,  the 
latter  in  some  abundance. 

The  coarse  residue  was  divided  into  three  parts  by  sifting. 

B.  11  per  cent.  Nearly  all  glauconite  with  a  few  quartz  grains  averaging 
'3  m.m.  and  a  few  arenaceous  foraminifera,  Tritaxia  tricarinaia  and 
Bulimina  PreslL 

C.  17  per  cent.    Similar  to  the  last.    The  mineral  grains  about  '22  m.m. 

D.  72  per  cent.  Still  smaller  grains  of  glauconite,  but  with  a  larger 
proportion  of  detrital  minerals  ;  average  size  of  the  mineral  grains  '12  m.m. 
Among  the  mineral  grains  Mr.  Teall  recognises  orthoclase. 

No.  4.    187  feet.    Main  residue  62*21  per  cent.    Coarse  residue  '37  pe 
cent.    Soluble  in  acid  37*42  per  cent. 

The  main  residue  is  fine  amorphous  matter  with  minute  mineral 
particles  and  glauconite. 

The  coarse  residue  was  a  fine  pure  white  quartz  sand  with  little 
glauconite,  the  whole  so  fine  that  it  passed  through  the  sieves  with  the 
exception  of  a  few  arenaceous  foraminifera;  average  size  of  grains,  '1 
m.m. 

No.  5.  151  ft.  Main  residue  52*16  per  cent.  Coarse  residue  2*95  per 
cent.    Soluble  in  acid  44*89  per  cent. 


*  Oceanic  Deposito.    Report  of  the  Challenger  Expedition,  page  254- 
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The  coarse  residue  of  this  specimen  was  peculiar.  It  divided  into  four 
portions  when  sifted. 

A.  17  per  cent.  Consisted  of  one  cylindrical  mass  of  marcasite,  and 
the  remainder  was  in  irregular  lumps  of  reddish-brown  colour,  which 
seemed  partly  clay  and  partly  marcasite,  and  seemed  to  be  cemented 
together  in  the  formation  of  this  mineral.  A  single  grain  of  quartz 
measuring  1  m.ni.  occurred. 

B.  10  per  cent.  Similar  aggregi-ations  of  clay  and  marcasite,  though 
smaller.  Amongst  those  masses  was  the  mesh  of  an  Hexactinellid 
8i>onge  with  marcasite  either  encnisting  or  replacing  the  siliceous  walls. 
There  are  many  grains  of  clear  glassy  quartz  averaging  about  '25  m.m,  in 
size,  and  some  glauconite. 

C.  10  per  cent.    Similar  to  the  last  but  the  grains  smaller,  '19  m.m. 

D.  The  remainder  consisted  of  minute  masses  of  marcasite  and  clay 
with  a  larger  proportion  of  quartz  grains  which  averaged  about  '11  m.m. 

Foraminifera  occurring  were  Haplophracfmium  nonioninoides,  B'idimina 
Presliy  Bulimina  pupoides^  and  Ammodiscus  incertiLS, 

Ko.  6.  1  to  17  feet.  Main  residue  7272  per  cent.  Coarse  residue  '79 
per  cent.    Soluble  in  acid  26*49  j)er  cent. 

The  main  residue  appears  of  the  usual  character. 

The  coarse  residue,  with  the  exception  of  a*' out  a  dozen  quartz 
grains,  all  passed  through  the  sieves.  These  grains  were  of  somewhat 
excei)tional  size,  their  average  being  about  '37  m.m.,  the  maximum  being 
•42  m.m. 

The  remainder,  which  may  all  be  included  under  D.,  consisted  of  line 
sand  '11  m.m,  with  some  glauconite,  estimated  at  about  7  per  cent. 

A  washing  (without  acid)  through  the  finest  sieve  was  made  of 
specimens  3,  4,  and  5. 

No.  3.  This  is  clearly  a  phosphate  bed,  and  may  be  compared  with  the 
"Middle  Greensand  Bed"  of  Folkestone,  though  glauconite  is  not  so 
abundant.  The  residuum  was  1 1  per  cent.,  chiefly  glauconite.  Such  shell 
fragments  as  occurred  were  prisms  of  Inoceranms,  and  pieces  of  the  shell. 
Microzoa  were  not  common,  but  the  specimens  seemeil  finer  of  their  kind 
than  at  an  equivalent  horizon  at  Folkestone.  Pieces  of  phosphates  were 
abundant. 

In  No.  4  the  residuum  after  washing  was  2  per  cent.  Shell  fra^ents 
were  abundant,  Inoceramus-prisms  and  ]>ieces  of  the  shell  forming  the 
greater  part  of  them.  Microzoa  were  fairly  common,  the  mineral  grains 
similar  to  those  of  the  acid  residues. 

No.  5.  Tlie  residuum  of  this  si)ecimen  was  2^  i)er  cent.  ;  from  the 
number  of  nodules  and  fragments  of  clay  with  marcasite  it  resembled 
that  of  the  acid.  Shell  fragments  were  abundant,  and  as  before  were 
chiefly  prisms  and  pieces  of  Inoceramus.  Many  foraminifera  and  a  few 
Ostracod  valves  were  also  present.  Both  thcs3  si)ecimens  are  rather 
calcareous  Gaults,  and  in  both  coccolitha  were  conspicuously  abundant 
in  the  fine  washings. 

Bedfordshire  GFault. 

Two  sjiecimens  of  the  (lault  of  Bedfordshire  were  examined,  one 
from  about  6  feet  below  the  Cambridge  (ireensand  at  Arlsey  (Messrs. 
Beart's  Works,  Three  Counties  Station),  and  a  second  about  70  feet  below 
this  at  Messrs.  EastwcMnl's,  close  to  Arlsey  Station. 

1.  In  that  six  feet  below  the  Cambridge  Greensand  the  Main  residue 
was  65*72  per  cent.  Coarse  residue  17  per  cent.,  soluble  in  acid 
34*11  i)er  cent. 

The  main  residue  was  fine  amorphous  material  with  minute  mineral 
iwirticles. 

The  coarse  residue  resembled  that  at  Burham  and  Aylesfoitl,  chiefly 
yellowish-brown  or  red-brown   cylindrical  or  subangular  fmgments  of  a 
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ferruginous  uiaterial.  There  was  very  little  quartz  or  glauconite  ;  grains 
of  the  former  average  only  *()6  ni.iii.  Arenaceous  foraminifera  were  common 
and  the  si>eciniens  large. 

A  washing  without  acid  gave  a  residuum  of  1*2  iKjr  cent  largely  ferru- 
ginous fragments,  but  with  many  Ostracods,  Foraminifera  and  few  shell 
fragments.  Among  the  Ostracods  Mr.  Chapman  found  Ct/th^e  subtiU^er- 
culatri,  hitherto  only  recorded  from  the  Cambridge  Greensand.* 

2.  70  feet  below  the  CUmbridge  Greensand,  Arles^y  Station.  Main 
residue  63*34  f>er  cent  Coarse  residue,  '20  ])ct  cent.  Soluble  in  acid 
36*46  i)er  cent. 

The  coarse  residue  con  tain. ^d  a  few  nodules  of  marcasite,  a  few  grains  of 
quartz  averaging  '3  m.m.  The  remainder  is  finer  quartz  (*1  m.m.)  and 
a  little  glauconite ;  fragments  of  the  pyritous  cast  of  some  organism 
contributed  about  one  third  of  the  weight  of  this  residue. 

A  washing  without  acid  gave  a  residuum  of  1*6  per  cent,  consisting  of 
shell  fragments,  foraminifera  (al)undant),  valves  of  Ostracods,  &c.,  besides 
a  few  somewhat  large  quartz  grains  and  a  little  glauconite. 

GFault,  Bindon  Cliff,  Devon. 

Three  specimens  of  the  Gault  exposed  at  the  l)ase  of  Bindon  Cliff, 
Devon,  were  examined. 

Ko.  1.  In  that  from  the  Imse  of  the  Gault  the  fine  residue  was  73*69 
per  cent,  coarse  residue  19*59  per  cent.    Soluble  in  acid  6*72  per  c«nt 

This,  though  a  very  sandy  specimen,  was  a  true  clay,  pressure  by  the 
thumb-nail  leaving  a  shining  streak.  It  contained  pieces  of  shell  visible  to 
the  naked  eye. 

In  the  fine  residue  the  proportion  of  minute  mineral  grains  was  very  large 
and  the  amorphous  material  when  viewed  by  transmitted  light  was  dirtier 
than  usual,  l)eing  full  of  minute  black  si)ecks. 

Only  3  per  cent,  of  the  coarse  residue  remained  in  the  vsieves  A.,  B.  and  C. 
This  consisted  chiefly  of  quartz  grains,  but  there  were  also  fragments  of  an 
alkali  fe]si)ar,  muscovit^,  and  ilmenite,  cylindrical  masses  and  nwlules  of 
marcasite  and  grains  of  glauronite.  Average  size  of  the  (piartz  grains 
•38  m.m. 

J).  97  ])er  cent.  Chiefly  fine  (piartz  sand  and  with  green  gi*ains.  The 
latter  were  e.stimrtU»d  to  form  10  j>or  cent,  of  this  division  ;  some  of  them 
were  the  usual  dark-greon  cryst^illine  glauconitic  grains,  but  a  large  numlier, 
while  corresix)ndhig  in  shai»e  and  size,  were  of  a  paJe-green  colour,  dull 
and  opaque.    A  few  crystals  of  zircon  were  also  recognised. 

Arenaceous  foraminifera  were  rare,  but  Verneuillna  variafnlis,  TriUi^a 
jn/tnmidata,  and  /lajdojfhragmlmn  ruinuni  occurred.  Washings  of  this 
siKJcimen  without  acid  were  nearly  the  same  as  those  of  the  acid  residues ; 
tlie  finest  i>ortion,  however,  dittered  from  all  other  Gaults  in  the  complete 
absence  of  coccoliths. 

Wo.  2.  A  very  sandy  clay.  Main  residue  51*76  ])er  cent  Coarse  residue 
45*77  per  cent    Soluble  in  acid  2*47  iier  cent 

The  main  residue  contained  very  little  amorplious  material,  nearly  the 
whole  of  it  being  very  minute  mineral  grains.  The  coarse  residue  may  be 
separated  into  three  parts. 

A.  and  B.  7  )»er  cent  Consisting  of  coarse  quartz-grains,  maximum 
•45  m.m.,  average  *35J  m.m.,  one  or  two  no<lules  of  marcasite,  and  glauconitic 
grains  estimated  at  3  per  cent,  of  the  whole. 

C.  8  per  cent  The  mineral  grains  in  this  division  are  quartz  and  alkali 
felspar,  their  average  size  *2H  m.m.  Glauconite  grains  of  al)out  the  same 
average  size  form  20  [wr  cent,  of  this  division. 

D.  85  per  cent.  Consisted  of  quartz  and  alkali  felspar,  average  size 
•12  m.m.,  while  the  glauconitic  grains  were  estimated  at  12  [)er  cent. 

The  hea\^'  minerals  of  this  residue  were  roughly  se])arated  by  nmning, 
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and  were  found  to  include  zircon,  mfvgiietite  (scarce),  ilmenite  (abundant), 
rutile,  tourmaline,  garnet  and  cyanite. 

Wo.  3.    A  similar  clay  to  the  hist  .sjiecimcn. 

iMain  residue  5671  per  cent.    Coarse  residue  40*49  per  cent.    Soluble  in 
acid  280  i:>er  cent. 
The  mam  residue  was  similar  to  the  last. 
The  coarse  residue  may  be  separated  in  but  two  i)ortions. 

A.,  B.  and  C.  1  per  cent.  Consisted  largely  of  subangular  masses  of  a 
brown  ferruginous  material  which  seemed  to  be  clay  cemented  by  an  iron 
oxide,  a  few  large  quartz  grains,  maximum  1  m.m.,  and  the  remainder 
either  grains  of  glauconite  or  of  the  <lull  opai^ue  material  noted  in  No.  1. 

p.  99  per  cent.  Chiefly  quartz  grains,  average  size  '12  m.m.  Zircon, 
1  utile  and  muscovit^  were  also  recognised.  Glauconite  and  greeni.sh  opaque 
grains  were  estimated  at  7  per  cent. 

Mr.  Teall  remarks  on  these  specimens  :  "There  is  no  doubt  that  the  list 
of  minerals  in  these  residues  might  be  considerably  increased  by  separating 
the  heavy  minerals.  Felspars  are  comparatively  rare  ;  the  only  one 
definitely  recognised  is  an  alkali  felspar,  but  it  is  quite  possible  that  some 
oligoclase  may  also  be  present." 


Oault,  Devizes. 

Two  specimens  of  Lower  Gault  from  the  Caen  Hill  brickyard  west  of 
Devizes  were  kindly  forwarded  to  us  by  Mr.  He  ward  Bell  of  Seend. 

Kg.  1.  Fine  residue  86*69  per  cent.,  coarse  residue  10*63  per  cent ,  soluble 
in  acid  2*68  per  cent. 

The  fine  residue  was  similar  to  that  of  the  specimens  from  Bindon  Cliff, 
dirty,  full  of  black  specks  and  minute  mineral  particles.  Very  small 
grains  of  glauconite  were  also  common.  The  coarse  residue  of  this  s^»eciraen 
consisted  largely  of  glaucojnt<»,  grains.  On  sifting  it  was  divided  as 
follows : — 

A.  and  B.  11  per  cent.  Consisting  of  almost  pui*e  glauconite-ginins  with 
very  little  quartz.     Average  size  of  grains  '33  m.m.,  maximum   T}  m.m. 

C  26  i>er  cent.  (Iiiefly  glauconite,  average  size  of  grains  *24  m.m.,  with 
a  few  of  quartz  and  some  flakes  of  mica.  Two  or  three  arenaceous 
foraminifera. 

I).  63  i>er  cent.  Fine  mineral  grains  chiefly  quartz  but  including  an 
alkali  felsj)ar,  some  mica  flakes  and  grains  of  glauconite,  the  latter 
estimated  to  form  30  per  cent  of  this  division.  The  mineral  grains  average 
*1  m.m. 

Wo.  2.  Fine  residue  83*42  per  cent.,  coarse  residue  13*19  per  cent., 
soluble  in  acid  3*38  })er  cent. 

The  main  residue  is  similar  to  the  last. 

The  whole  of  the  coarse  residue  passed  through  all  sieves  except  a  few- 
quartz  and  glauconite  grains  and  one  or  two  tests  of  arenaceous 
foraminifera. 

It  consists  of  mineral  grains,  chiefly  <iuartz,  with  a  few  of  an  alkali 
felspar,  some  mica  flakes,  and  glauconitic  grains  ;  the  last  being  estimated 
at  12  per  cent  of  the  whole.  The  mineral  grains  average  '11  m.m.  A  few 
nodule*  of  marcasite  occurred. 

Arenaceous  Foraminifera  were  fairly  common,  their  test'J  robiLst  and  mtule 
up  of  coarse  <|uartz  and  glauconite  grains.  All  the  s|>ecics  occur  in  the 
(iault  of  Folkestone,  though  their  chara^^ters  indic^ite  conditions  very 
difl*erent  from  those  in  which  the  Kentish  (lault  was  de)»osited.  Mr. 
Cliapman  remarks,  **  These  {onn<  would  (K-cur  in  deiM)sits  jKx^r  in 
calcareous  material  and  under  adverse  conditions."  The  list  of  these 
s|>eciniens  is  given  on  p.  .V)l.  In  the  fine  wjishings  of  these  specimen^ 
(without  acid)  coccolitljs  wer^  entirely  absent. 
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Norfolk  Oault 


The  boring  at  Roydon  was  made  in  the  year  1887  in  order  to  ascertain 
the  thickness  of  the  Gault  in  this  locality. 

Wo.  1.    Carstone  from  the  bottom  of  the  boring.    Main  residue   36*17 
per  cent.,  coarse  residue  .VJUT   ]»er  cent.    Soluble  in  acid  476  per  cent 
The  residues  were  i>ractically  all  sand. 

Ko-  2.  !.'>  feet  downi.  Main  residue  49*75  per  cent.  Coarse  residue 
*23  ver  cent.    Soluble  in  acid  'iOV'2  j  Kir  cent. 

Tne  main  residue  was  almost  entirely  fine  amorphous  structureless 
matter,  and  there  was  a  notal>le  diminution  of  the  fine  mineral  j>article8 
usually  entangled  with  it.  Tlie  cotirse  residue  divided  by  sifting  into  three 
l)arts. 

B.  30  i>er  cent.  Consisted  of  a  few  thin  flaky  pieces  of  the  clay,  not 
broken  up  in  the  acid,  several  ovoid  bodies  aescribed  on  page  340 
and  fine  clear  gla.<^sy  quartz,  average  size  3  m.m.  Three  or  four  large 
grains,  maximum  '5  m.m.,  are  included  in  this  division. 

C.  30  per  cent.  Two  small  nodules  of  marcasite,  small  ferruginous 
nodules  and  a  few  lueces  of  clay.  The  remainder,  chiefly  quartz  grains* 
average  size  18  m.m.    Very  little  glauconite. 

I).  40  ))er  cent.  Fine  quartz-sand  with  rather  more  f?lauconite,  average 
size  of  grains  '08  m.m.  Al)out  one-third  of  this  di^^sion  consisted  of  the 
miiuite  red-brown  IxKlios  described  in  the  Folkestone  Gault  (see  page  337). 

Wo.  3.    13  feet  down.      Main  i-esidue  34*51  i)er  cent.    Coarse  residue 
•82per  cent.     Soluble  in  acid  64  07  j^r  cent. 
Tne  main  residue  contains  more  mineral  j^articles  than  No.  2. 

B.  18  i>er  cent.  Clear  glassy  rjuartz,  average  size  of  grains  '35  m.m.,  one 
grain  '43  m.m.     Only  a  few  grams  of  glauconite. 

C.  49  i)er  cent.  The  same,  but  finer.  Arenaceous  Foraminifera  cottmoTi 
Bulimijia  Presli  is  the  most  prominent  form,  the  tests  large  and  robust. 

D.  33  i)er  cent.    The  same,  )>articles  still  finer. 

Wo.  4.  11  feet  down.  Main  residue  36*80  per  cent.  Coarse  residue 
'40  per  cent.  Si)luble  in  acid  62*80  per  cent.  The  main  residue  almost 
entirely  very  fine  amorphous  matter.  The  greater  part  of  the  coarse  residue 
was  unfortunately  spilt,  and  there  was  no  more  material  at  hand  That 
saved  contained  a  few  large  grains  of  quartz  and  a  few  foraminifera. 

Wo.  5,  8  feet  down.  Main  residue  29*89  \)er  cent.  Coarse  residue  '89 
per  cent.     S<»luble  in  acid  69*22  |)er  cent. 

The  coarse  residue  of  this  siHJcimen  again  contains  rather  coarse  quartz, 
and  was  separated  into  three  jmrts  on  sifting. 

B.  23  per  cent.  Chiefly  (|uartz  sand  with  a  few  fragments  of  unbroken 
Oault.  There  ap|>eared  to  U'  two  varieties  of  the  largt^r  quartz-grains, 
one  Worn,  often  well  rounded,  iron  staineil  or  cloudy,  the  other  clear, 
bri;^'ht,  irlassy  and  less  worn,  size  3  mm. 

C.  17  |)er  eent.  Finer  quartz,  many  small  ai-enacetMis  foraminifera, 
more  glaueonite  than  in  the  preceding' sjieei mens,  and  S4»me  small  nodules 
of  Mareasite. 

D.  (JO  per  eent.  Still  finer  quartz,  hardly  any  glauconite,  minute 
foraminifera.     Avera^re  size  of  quartz  grains  1  in.m. 

Parts  of  several  of  these  si^eciniens  wen^  waslie<l  through  the  fine  sieve 
(without  acid),  but  the  quantities  were  too  small  to  estimate  the  |>er- 
centage  of  the  residuum ;  but  suflicient  material  was  found  in  a  specimen 
from  the  Grimstone  railway  cutting :  it  was  from  near  the  base  of  the 
Gault,  and  from  the  presence  of  the  ovoid  l)odies  before  referred  to, 
was  probably  at  the  same  horizon  as  the  siH»cimen  from  15  feet  down 
the  lx>rincr. 

The  residuum  from  loo  grammes  of  this  was  only  93  j)er  cent 
Besides  mineral  grains  and  ovoid  bodie^s,  which  were  numeroa&  the 
shell -fragments  consisted  wholly  of  Inoceramus-prigms,  or   pieces  of  the 
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shell ;  valves  of  Ostracods  were  not  so  common  as  in  the  Gault  more 
to  the  S.W.  :  Foraminifera  were  abundant,  and  the  specimens  large  and 
bold. 

As 'may  be  expected  from  the  large  proportion  of  material  Foliible  in 
acid,  the  fine  washings  consist  largely  of  calcitic  particles.  These,  probably 
derived  from  the  or^nic  constituents  of  the  rock,  seem  undergoing  a 
secondary  crystallisation,  the  calcite  dissf^lving  and  recrystallising  either 
on  definite  organic  particles  or  as  seimrate  granules.  Thus  the  pseudo- 
coccoliths,  which  are  abundant,  are  nearly  all  {>artially  obscured  by  the 
redeposition  of  calcite,  a  phenomenon  observed  before  in  certain  oceanic 
deposits  from  Barbadas.* 

Though  little  information  can  be  obtained  as  a  rule  from  thin  sections 
of  the  Gault,  that  of  N.W.  Norfolk— Roydon  and  Grimstone,  where  the 
upper  part  of  the  Gault  has  become  calcareous — thin  sections  of  the  upper 
portion  exhibit  a  striking  contrast  to  the  Gaults  of  the  Southern  Counties. 
In  the  grey  shade  produced  by  the  amorphous  matrix  are  outlined  the 
tests  of  Foraminifera  and  shell  fragments,  one  of  the  most  remarkable 
features  being  the  incoming  of  calcareous  *\Spheres."2  These  minute 
bodies,  formerly  regarded  as  the  primordial  or  disunited  cells  of 
Globigerinaj,  are  nearly  always  present  in  chalk  and  often  form  a  large 
part  of  its  mass ;  they  occur  rarely  in  the  upi>er  i>art  of  the  Upper  Green- 
sand.  It  is  only  in  this  locality  and  in  the  lied  Chalk  that  tiiey  appear 
at  so  low  an  horizon.  Their  incoming  at  Iloydon  is  sudden  and  striking  ; 
not  occurring  at  all  near  the  base,  they  make  their  appearance  in  the 
lower  hard  bed.  Above  this  the  material  is  often  densely  packed  with 
spheres,  and  other  foraminifera  are  abundant. 

Bed  Chalk. 

Only  one  specimen  of  Red  Chalk  was  analysed.  This  was  kindly  for- 
warded from  Hunstanton  by  Mr.  Lamplugh  and  was  taken  2  feet  above 
the  base. 

The  result  of  the  analysis  was  as  follows  : — Main  residue  6*67  per  cent., 
coarse  residue  15*01.  Soluble  in  acid  78*32  per  cent.  The  main  residue 
has  a  distinctly  different  asr)ect  from  that  of  the  (jJault,  even  from  that  so 
near  at  hand  as  Roydon.  The  whole  of  the  amorphous  matter  is  practically 
neutral  to  polarised  light,  and  the  ill -defined  crypto-crystalline  appearance 
which  seems  to  arise  from  the  minute  mineral  particles  entangled  within 
it  is  absent,  nor  does  there  seem  the  usual  gradation  in  the  size  of  the 
mineral  grains  from  particles  sufficiently  large  to  be  recognised  as  (juartz 
to  those  so  small  that  their  identification  is  difficult.  Nearly  all  are  above 
'05  in.m.  The  amorphous  matter  viewed  by  transmitted  light  shows  a  red 
staiij,  but  there  is  no  optical  evidence  which  will  explain  this  colouration. 

The  coarse  residue  reflects  the  characters  of  the  fine  residue.  On  sifting 
this  was  separated  in  four  parts  as  follows.  A.  20-2J}  per  cent.  B.  38*90. 
C.  31*80.  D.  901.  Thus  ttie  division  i).,  which  in  every  specimen  of 
Gault  contains  the  largest  prof)ortion  of  the  coarser  residue,  is  here  the 
smallest. 

Excei>t  in  the  size  of  the  grains  there  was  little  difference  in  the  first 
three  divisions.  Quartz  gi*ains  are  the  most  abundant,  and  then  the 
highly  polished  brown-bhick  gi*aiiis  of  Lydian  stone ;  a  few  milky-white 
grains,  probably  a  felspar,  were  observed.  Glauconitic  grains  were  not 
common,  but  nodules  of  a  porous  ferruginous  material  r>ccurred  in  each 
division.  Glauconitic  gmins  were  most  nuniorous  in  I).,  and  were 
estimated  to  form  10  i)er  cent  of  this  division  Many  of  these  grains 
ai>pear  t<j  be  partly  decomposed  and  were  brown  in  colour. 

Foraminifera  were  fairly  common  and  the  si>ecimens  of  fair  size. 
Bulimina  Presli  seemed  the  most  conspicuous. 

The  minute  structure  of  the  Red  Chalk  is,  however,  best  displayed  by 
means  of  thin  sections.    A  long  series  of  these  was  made  by  the  wi  iter 


*  Geology  of  Barbados,  Q.  J.  (a.  8.,  vol.  xlviii.,  ))ages  178  and  179. 
2  Journal  Roy.  Mic.  Soc,  1891.    burrows,  Sherborn  and  Bailey  on  the 
Foraminifera  of  the  Red  Chalk. 
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some  yeai*«  since  in  tlie  course  of  his  work  in  the  description  of  the 
lower  beds  of  the  Upper  CVetaceous  series  in  the  coimties  of  Norfolk, 
Lincolnshire,  and  Yorkshire. 

Anv  slide  of  this  series  when  viewed  l»v  tninsniitted  liirlit  with  an 
objective  of  two-thirds  in  focus  shows  that  the  Ked  Chalk  is  made  upiof 
fine  amorphous  matter  now  finely  granular  crystalline  calcite,  in  wnick 
are  outlined  the  forms  of  foraniinifera  and  shell  fraj^ment^,  and  in  which 
is  imbedded  mineral  grains.  Except  for  these  the  aspect  of  the  rock  is 
that  of  a  specimen  of  I>ower  or  Middle  (Jhalk,  though  it  is  not  ]>ossib]e 
to  comijare  it  to  any  definito  horizon.  The  most  abundant  organisms 
are  ''spheres"  which  in  some  instances  form  at  least  half  the  rock. 

Foraniinifera  are  common.  Messrs.  Davis  and  Sherborn,*  who  examined 
these  sections,  have  publishe<l  a  list  of  those  identified.  SjKJnge  mesh 
and  single  spicules  are  freipient,  their  siliceous  walls  now  invariably 
replaced  by  calcite.  In  a  section  of  the  rock  from  Great  Oivendale,  and 
also  in  one  from  Hunstanton,  partially  obliterated  organisms  occur, 
similar  to  those  which  can  be  identified  as  Kadiolaria  in  the  rocks  of 
Barbados.*-^ 

The  rock  is,  however,  not  uniformly  chalk  like.  The  lowest  part 
contains  much  inorganic  matter  (clay),  which,  stained  a  deep  red,  is 
opaque,  and  cannot  be  viewed  in  thin  sections ;  there  is,  however,  a 
rapid  ))assage  to  conditions  under  which  was  formed  a  deposit  very 
similar  to  the  Chalk.  Not  (mly  is  there  a  considerable  admixture  of  fine 
clay,  but  through  Lincolnshire  and  in  Yorkshire  along  the  escarpment  as  far 
as  Wharram*'  the  rock  contains  an  abundance  of  mineral  fragments  probably 
derived  from  the  underlying  beds.  At  Spec  ton  there  is  a  passage  from 
the  blue  Speeton  clay  to  the  Red  Chalk,  and  the  included  siliceous 
matter  is  entirely  of  an  argillaceous  nature. 

The  residues  of  the  samples  of  Red  Chalk  from  Lincolnshire, 
analysed  by  Dr.  Pollard  (see  p.  325),  were  examined  by  Mr.  Teall ; 
slides  were  also  prepared  from  the  specimens,  and  on  this 
material  Mr.  Teall  reports  as  follows  : — 

"  The  two  s|)ecimcns  from  Lmgton  sand-j)it  do  not  differ  mati?rially  .so 
far  a^  the  nature  of  their  c;>nstituimt^  is  ccmciinied.  The  residues 
consist  of  fine  argil huM.'ous  miteriil,  minute  angular  chii>s  of  (piartz 
and  fcl?<par  (ortlKK'lase  and  prolublv  also  oligcxhuse),  grains  of  glauconite^ 
and  large  waterworn  grains  or  smafl  pi*-bble^  of  <piartz  and  chert.  He-avy 
inineraN,  such  as  generally  occur  in  fine  stnlimentary  material,  were  not 
si>ecially  searched  for,  but  zircon,  rutile,  and  tourmaline  were  observed. 
The  clastic  parti(;les  of  (piartz  and  felspar  vary  in  sizj  from  extremely 
minute  chips  less  than  '\  m.m.,  up  to  small  pebbles  more  than  3  m.m.  in 
diameter.  A  slice  of  the  sample  taken  two  feet  above  the  l>a.se  of  the  Red 
Chalk  is  seen  under  the  micro-icope  to  consist  of  a  calcareous  matrix, 
deeply  stained  with  ferric  oxide,  but  con.sisting  largely  of  foraniinifera.  In 
this  matrix  are  scattered  the  mineral  grains  above  mentioned. 

"A  section  of  a  specimen  from  the  bed  two  feet  al)ove  the  junction  with 
the  sandstone  was  prepired.  It  shows  that  the  rock  consists  largely  of  a 
foraminiferal  ooz3,  stained  with  finely  divided  ferric  oxide.  Grams  of 
quartz  and  glauconite  occur  in  the  sr=lice,  thus  proving  the  intimate  inter- 
mixture of  a  calcarc(ms  organic  (X)z?,  with  l>oth  fine  and  coar-e  sedimentary 
material.  This  association  of  dejKisits,  which  are  characteristic  of  distinct 
and  oft«'n  widely  sej>arat'jd  zones  of  HodiniL'iitation,  gives  to  the  rock  a 
peculiar  and  interesting  lithological  character. 

"The  residue  of  thes|>ecimen  from  Langtcm  chalk-j»it,  two  feet  below  the 
junction  with  the  Chalk,  cmsists  of  small  particles  of  (piirtz,  felspar 
(orth(K"l;isc\  minut(*  Hakes  of  a  micaceous  minenil  an<l  fine  argillaceous 
material.  The  grains  r.ircly  exceed  1  m.m.  in  diameter.  C'>arser  sandy 
material,  such  as  that  found  in  the  other  specim.'ns,  is  al>sent." 

'  Journ.  Jioy.  Mic.  Soc,  ]8!K),  p.  ')fi4. 
'-'  y.  J.  (J.  S.,  vol.  li.  p.  ()()0. 
•'  Q.  .1.  C  S.,  vol.  xliv.  p.  3o6. 
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Remarks  on  the  Residues  Described. 

These  analyses  which  are  tabulated  on  p.  350  show  that  the 
Gault,  throughout  the  central  part  of  the  Gault  area,  is  an 
extremely  tine  mud,  possessing  few  marked  peculiarities  in  regard 
to  its  chemical  and  microscopical  properties  by  which  one 
portion  may  readily  be  distinguished  from  another. 

It  will  be  observed,  however,  that  the  base  and  centre  of  the 
Upper  Gault  at  Folkestone  contain  a  greater  proportion  of 
soluble  material  than  the  beds  below,  or  tliosc  near  the  summit 
of  the  Gault.  This  increase  seems  due  to  the  greater  abundance 
of  the  shelly  fragments  and  foraminifera  as  well  as  to  particles 
of  calcite  of  uncertain  derivation,  while  pseudo-coccohths  cer- 
tainly add  appreciably  to  the  amount  of  soluble  material  by 
their  increased  numbers. 

In  Norfolk  also  the  analyses  of  the  specimens  from  the 
Roydon  boring  show  a  great  augmentation  in  the  proportion  of 
soluble  matter,  and  here  again,  Siell  fragments,  foraminifera,  and 
pseudo-coccoliths  are  numerous,  though  the  amount  of  the 
recognisable  remains  of  calcareous  organisms  seems  hardlv  in 
proportion  to  the  increase  of  soluble  material.  The  amorphous 
matrix  of  the  Gault  here  consists  largely  of  calcitic  particles, 
which  seem  to  have  undergone  a  kind  of  secondary  crystal- 
lisation, and  there  is  no  trace  of  structure  from  which  one  may 
infer  their  original  derivation. 

In  the  central  area  of  the  Gault  the  auantity  of  the  coarser 
particles  separated  by  levigation  from  all  trie  acid  residues  is  very 
small  except  in  spe(;ial  cases,  rarely  exceeding  1  per  cent;  the 
coarsest  particles  being  secondary  and  not  dotrital  minonils. 
Of  these  secondarj'  mmerals  small  nodules  of  marcasitt^  and 
porous  ferruginous  masses  are  conspicuous  in  almost  all  residues. 

The  number  of  grains  of  quartz  or  felspar  larger  than  3  m.m. 
could  usually  be  counted  on  the  lingers,  and  the  average  size  of 
the  mineral  grains  of  the  coarse  residues  will  not  exceed  1 
m.m.  in  their  longest  diameter,  though  in  some  specimens  they 
are  coarser  than  in  others.  The  increase  of  quartz  sand  and 
giauconite  at  the  top  of  the  Folkestone  Gault  seems  to  indicate 
the  gradual  approacn  of  the  conditions  of  the  Chloritic  Marl,  but 
there  is  no  indication  of  a  similar  approach  in  the  pale-grey  Gault 
taken  just  under  the  Chloritic  marl  at  Aylesford.  This  fact 
supports  the  opinion  expressed  on  page  89,  that  in  this  locality 
there  has  been  considerable  erosion  of  the  upper  part  of  the 
Gault. 

At  I^oydon,  the  most  northern  and  eastern  point  from  which 
we  obtain  samples  of  Gault,  there  is  a  slight  increase  in  the 
amount  of  the  coarse  residue,  which  is  here  tor  the  most  part  a 
quartz  siind,  the  grains  being  distinctly  of  lai'ger  size.  Those  in 
the  coarse  residue  from  the  bottom  of  the  boring  are  no  doubt 
derived  from  the  underlying  ('arstone,  but  there  is  no  ovideiKie 
in  the  specimens  from  lo  feet  and  upwards  that  the  grains  are 
derived  from  the  underlying  rock,  then^  are  none  of  the  well- 
rounded  polished  black  and  brown  grains  of  Lydian  stone  so 
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(jommon  in  the  Red  Chalk,  though  in  the  highest  specimen  there 
appears  to  be  two  types  of  quartz  grains. 

The  specimens  ot  Gault  from  Devizes  contain  a  larger  per- 
centage of  coarse  residue  than  any  of  the  other  clays  except  those 
from  Bindon,  from  which  they  differ  considerably  m  the  amount 
of  glauconitc.  The  coarsest  part  of  the  residue  of  No.  1  consists 
almost  entirely  of  grains  of  tnis  mineral,  while  the  line  siftings 
contain  30  per  cent.,  the  remainder  being  chiefly  fine  sand  and  a 
few  arenaceous  foraminifera.  There  is  a  tinge  of  green  in  the 
specimen  of  the  clay,  but  the  colour  of  the  residue  is  dark  grey. 
This  clay  seems  to  closely  approach  a  "Green  Mud"  in  its 
composition.  In  No.  2,  talcen  ten  feet  above  the  first,  the  amount 
of  giauconite  is  not  so  large,  the  coarse  residue  consisting  of  very 
fine  sand  grains  with  12  per  cent,  of  giauconite.  Both  these 
residues  are  therefore  distmguished  from  all  others  except  two 
by  the  relative  amount  of  glauconitic  grains. 

The  exceptions  are  first  the  bed  known  as  the  Middle 
Greensand  of  Folkestone,  the  coarse  residue  of  w^hich  (40*14 

J)er  cent.)  is  almost  pure  glauconitic  grains  with  arenaceous 
braminifera.  This  corresponds  very  closely  indeed  with  the 
"  Green  Sands  and  Muds  "*  described  in  the  Challenger  Reports, 
and  as  in  such  deposits  there  described  "from  the  shallower 
depths,"  the  giauconite  is  associated  with  an  amorphous  greenish 
material  like  a 'tough  clay.- 

In  this  connection,  however,  it  may  be  mentioned  that  greenish 
material  of  a  similar  nature  and  associated  with  glauconitic  grains 
occurs  in  the  Upper  Chalk  of  the  Isle  of  Wight,'^  a  deposit  laid 
down  in  water  prooably  of  considerable  depth. 

In  the  Middle  Greensand  of  Folkestone  are  many  phosphatic 
nodules  which  strongly  resemble  that  taken  from  the  outer  edge 
of  the  Agulhas  Bank  ^  in  150  fathoms  of  water,  and  figured  on 
plate  22,  fig.  1.  of  the  Challenger  Report. 

They  are  of  dark  brown  phosphate,  which  is  soluble  in  hydro- 
chloric acid,  and  imbedded  in  this  material  which  forms  a 
cement  are  glauconitic  mineral  grains,  foraminifera,  and  other 
ingredients  of  the  rock,  forming  a  nodule  of  very  irregular  shape. 

A  similar  bed  seems  to  have  been  passed  through  in  the 
Gubblccote  boring  specimen  3,  197  feet,  though  the  analysis  does 
not  give  so  large  a  ])roportion  of  glauconitc. 

S[)e(*,imens  from  the  west  of  England  (Dorset  and  Devon) 
present  (^haractc^rs  which  may  be  described  its  the  reverse  of  those 
al)ove  mentioned.  The  amount  of  soluble  material  is  here 
very  small,  and  in  some  of  the  specimens  there  is  really  no 
amorphous  matter,  nearly  the  whole  deposit  consisting  of  definite 
though  minute  mineral  particles. 

In  the  extreme  west,  at  Bindon,  the  amount  of  the  coarse 
residue  incrciises  very  considerably,  the  percentage  rising  from 

•  Re]K)rts  of  Chall.  Exi)odition.     Oceanic  Deposits,  page  380. 

-  (}eolo«:ry  of  the  Isle  of  Wight  (Mem.  Geol.  Survey),  jmge  78.  This 
green  matter  has  since  been  found  at  several  horizons  in  the  Lower  and 
Upper  Chalk. 

'*  Oceanic  Deposits,  page  391. 
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19*59  per  cent,  at  the  base  to  401 5  per  cent,  in  the  highest 
specimen.  In  point  of  size  the  grains  are  largest  in  specimen 
No.  2,  but  even  in  this  85  per  cent,  of  the  mineral  particles  passed 
through  a  sieve  the  meshes  of  which  were  13  m.m.  square.  In 
the  remaining  15  per  cent,  the  average  size  of  the  gi-ains  is  about 
•25  m.m.,  the  maximum  being  more  than  1  m.m.  The  glaucon- 
ite  present  in  these  residues  was  estimated  al  not  more  than 
10  per  cent. 

i  rom  the  character  of  the  residues  and  the  high  percentage  of 
the  coarser  material  in  the  specimens  from  the  west  of  P]ngland, 
we  may  infer  an  approach  to  the  shore  line  of  the  Gault  Sea 
while  the  gradual  lateral  passage  to  the  calcareous  deposit  in 
Norfolk  would  seem  to  indicate  a  gradual  slope  and  deepening 
water. 

The  Grault,  as  a  whole,  may  be  compared  Tvith  the  Blue  and 
Green  Muds  of  modern  seas,  its  upper  part  passing  in  some 
locaUties  into  a  calcareous  ooze. 

The  amount  of  detrital  minerals  separated  from  the  main 
residue  is  less  than  that  of  the  Blue  Muds  described  in  the 
Challenger  Report,  nor  is  the  list  of  rock  particles  recognised  so 
extensive,  but  the  small  quantity  of  the  material  in  the  residues 
examined  probablv  accounts  tor  this,  and  a  more  thorough 
examination  would,  reveal  a  more  striking  resemblance. 

The  abundance  of  small  Marcasite  nodules  in  the  Gault 
constitutes  a  difference  between  it  and  the  Blue  Muds,  but  these 
were  formed  probably  after  the  deposition  and  consolidation  of 
the  mud.  In  size  the  mineral  grains  correspond  with  those  of 
the  Blue  Muds ;  and  if  the  size  of  these  grains  may  be  taken  as 
an  indication  of  the  deepness  of  the  water,  then  the  depth  of  the 
Gault  Sea  must  be  greater  than  that  usually  ascribed  to  it. 

Mr.  F.  Chapman,  who  has  recently  made  a  study  of  the 
probable  depth  of  the  Gault  Sea  as  indicated  by  the  Rhizopodal 
fauna  arrives  at  a  similar  conclusion.  He  says,  "From  the 
foraminiferal  data  for  each  zone  of  the  Folkestone  Gault,  to  be 
referred  to  subsequently,  we  obtain  a  mean  depth  for  the  Lower 
Gault  of  830  fathoms.  In  a  similar  way  the  Upper  Gault  gives 
a  mean  depth  of  866  fathoms'  (See  p.  415.) 

*  Natural  Science.    November,  1898,  page  307. 
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Tabulation   of   Residues. 


Per- 

Per- 

centage of 
Main 

centage  of 
Coarne 

Total. 

Soluble 

in  Acid. 

Residue. 

Residue. 

Folkestone. 

7.  Pale-giey   Gault,     3    feet 

1 
1 

below      the        Chloritic 

1 

Marl,  lied  XIII. 

66*82 

5*74 

72-56 

27-44 

6.  Pale-LTey       Gault,      IJoil 

XIll.      .... 

1 

60*04 

1*13 

7017 

29*83 

5.  Bluish -grey    Gault   about 

1 
1 

3  ft.   above   the  Middle 

Grecnsand,  Bed  XIII.    - 

66*18 

•73 

66-91 

33-09 

4.  Baae      of      the       Middle 

Greeiisand,  lied  XII. 

38*20 

40*14 

78  34 

21  66 

3.  Ba«e  of  the  Upper  Gault, 

Bed  IX.  .... 

59*19 

23 

59*42 

4058 

2.  15  feet  from  the   base  of 

the  Gault,  Bed  II.  - 

85*70 

•52 

86*22 

13*78 

I.  5  feet  fr«  lu  the    base   of 

the  Gault,  Bed  11.  - 

86  as 

•47 

86*80 

13-20 

Burliam. 

Pale  Olive-grey  Gault   - 

56*59 

•27 

56*83 

4314 

Aylesford. 

Pale-grey  (^ault,  top  of  [dt     - 

56*71 

•28 

56-99 

43-01 

Blue-grev    Gault,     6      feet 

» 

lieneatli       .... 

7110 

•42 

71-52 

2848 

Bindon  Cliffy  Devon, 

•      ■ 

3.                    

56*71 

40*49 

97-20 

2-80 

o 

51*76 

46*77 

97-53 

2-47 

£. 

1 

73*69 

19*59 

93-28 

< 

6-72 

1. 

Devizes.  Wills. 

o 

83*42 
86*69 

1319 
10*63 

96  62 
97-32 

3-38 
2-68 

1 

I. 

BuekSf  Gubbleeote  Boring. 

6.       1  to  17  feet  down   - 

72*72 

79 

7351 

26-49 

5.  151          ,1       »»           -        • 

5216 

2-95 

5511 

44-89 

4.  187          „       M           -        - 

62-21 

•37 

62*58 

37-42 

3.   197          i»       )T            *         ' 

7492 

7-33 

82*25 

17-76 

2.  210          „       „            -        - 

78-98 

1-53 

80-61 

19-49 

1.  222          „       .,            -         - 

36*89 

36-20 

7309 

26-91 

Bedfordshire. 

Arlsey,    6    feet     below    the 

Camba  (Jrctnsand 

65-72 

•17 

6589 

3411 

70  feet    l)elow    the     CaniUs 

Greensand  -        .        -        . 

63-34 

•20 

.65*54 

34-46 

Norfolk,  Roydon  boring. 

5.     8  feet  down 

29*89 

•89 

30*78 

69-22 

4.  11    „        „           -        -        - 

36*80 

•40 

37*20 

62-80 

3.   13   ,1        „ 

34*51 

-82 

3533 

64  67 

2.   15   „       „           ... 

49*75 

•23 

4998 

60-02 

1.   18   ,,        „ 

36*17 

59  07 

96  24 

4^76 

Red  Chalk,  Hunstanton 

6*67 

1501 

21  68 

78  32 
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List  of  Foraniinifera,  identified  by  Mr.  F.  Chapman  in  the  washings  of 
the  samples  descrilnMl  in  this  chapttT. 


Fulke 

tone 

Oubhlm^. 

„ 

No 

1 
1 
1 

: 

: 

! 
: 
: 

1 
1 
1 

: 
" 

: 
: 

: 

: 
- 

1 
: 

- 
: 

S 

i 
s 

1 

1 

-- 

I 

'- 

\ 

- 

1 
1 

1 
1 

1 

i 

|5|Jl 

i 

1 

t 
i 

n 

u 

IG 
16 

IB 
IB 
10 
£1 
M 
IS 
H 
U 

w 
t» 

SB 

SO 

M 

w 

s? 

n 
« 

u 
u 

M 

47 

a 
a 

H 

u 

S7 

U 

«0 

n 

M 

« 

OS 

• 

Milb«iuliiri.nodiili«.r*npim...     - 

HUlolioa  wntuU,  JCarrer        -       ■ 
„         fMUiud,  if Ort 

IUpriThr.gti.lQD.  ojuHjm,  flmdN      ■ 

aqialt.  Rw<tr       ■ 

Unnlkfn   ■ 

KirdUHi,  J.  «  P.     ■ 
Ttntul»r]»  gr«ni*n.  il()r*. 

Iruchni.  d'Ort.  - 
TriUtU  trluwiniUk.  Rrtui 

"^"^"pirpili.^'SS.    :    : 
BQ.n-in.Sr.T;,.";"'""-  :    : 

„         v»r,  wbul-n»,  CAumji, 

.Biil^JOrt.       -       -       ■ 

:    EMS  :   :   : 

„        obllqn».ifOrt.    -       .       ■ 

pnpolda,  (TOrb. - 
„        dOrWgnkflou..     .       . 

Boirvlna  UiLulirloldu.  Rfiui  - 

„          lOTMilUU.  •r(tf«. 
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CHAPTER  XXV. 

MICROSCOPIC    STRUCTURE    AND    MINERAL    INGRE- 
DIENTS OF  THE  SILK^EOUS  BEDS  (GREEN  SANDS). 

Bv  William  Hill. 

What  has  hitherto  been  known  as  the  Upper  Grcensand 
inchules  a  much  greater  variety  of  deposits  than  the  beds 
which  are  known  as  Gault.  Although  they  are  all  more  or  less 
sandy  or  gritty,  the  proportion  of  quartz  sand  is  in  some  of  the 
beds  very  small  indeed.  Hence  it  will  be  convenient  to  describe 
the  Upper  Greensand  rocks  under  three  separate  heads.  First 
we  shall  Uike  the  line-grained  beds  which  are  known  by  a  number 
of  names,  such  as  malm-rock,  malmstone,  firestone,  hearthstone, 
and  in  France  as  "  gaize."  These  l)eds  are  generally  confined  to 
the  lower  portion  or  the  (ireensand,  but  sometimes  make  up  the 
greater  part  of  it,  as  in  Hampshire,  Surrey  and  Berkshire. 
Secondly  the  structure  of  the  layers  and  nodules  of  chert  and  of 
the  associated  sponge  beds  will  be  described.  Lastly  the 
composition  of  some  glauconitic  sands  and  sandstones  will  be 
briefly  noticed. 

Malmstones  and  Micaceous  Sandstones. 

The  term  malm-rock  or  mnlnwtonc  is  applied  to  a  rock  which 
consists  principally  of  silica  in  a  colloid  condition,  and  contains 
only  a  small  proportion  of  quartz-sand,  seldom  more  than  10  or 
12  per  cent.  Firestone,  hearthstone  and  burrystone  are  varieties 
of  malm,  generally  more  or  less  calcareous.  But  from  a  typical 
malmstone  there  is  every  gradation  to  a  micaceous  sandstone 
with  40  or  50  per  cent  of  quartz,  though  still  containing  much 
colloid  silica. 

The  gaize  of  French  geologists  appears  to  be  the  exact  coun- 
terpart of  our  malmstone,  and  M.  Cayeux^  has  shown  that  this 
kind  of  rock  is  not  confined  to  one  horizon  nor  even  to  the 
Cretaceous  system,  but  occurs  in  the  Eocene  and  also  in  the  Jurassic. 
He  has  given  a  definition  of  gaize  which  would  apply  equally  well 
to  our  malmstones,  and  he  proposes  that  its  varieties  should  bo 
described  in  accordance  with  their  dominant  mineral  ingredients, 
as  gaizes  argileuses,  gaizes  calcariferes,  gaises  quartzeuses,  which 
we  might  translate  as  argillaceous,  calcareous,  and  quartzose 
malmstones. 

Where  Gault  and  Greensand  are  fully  developed  there  is  a 
gradual  passage  from  a  sandy  micaceous  marl  or  clay  to  a  sandy 
micaceous  stone.      Where  this  passage  can  be  followed,  as  at 

1  Etudes  Micrographiques,  par  L.  Cayeux.    Lille  1697* 
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Merstham  and  Betch worth  in  Surrey,  near  Wouldham  in  Hants, 
near  Devizes  and  Westbury  in  Wilts,  and  near  Woolstone  in 
Berkshire,  samples  show  that  it  is  marked  by  a  decrease  in 
the  quantity  ot  pyritoiis  and  ar^llaceous  matter,  and  by  the 
incoming  of  a  peculiar  form  of  silica  which  imparts  to  a  thin 
slice  of  the  rock  a  clearer  and  more  transparent  aspect.  In  the 
localities  above-mentioned  the  beds  pass  mto  pure  siliceous 
or  calcareous  malms,  but  in  South  Wilts,  the  Isle  of  Wight,  and 
Dorset  they  pass  into  quartzosc  malm  or  into  soft  micaceous  sand 
with  little  colloid  silica. 

The  malmstone  of  Surrey  and  Hants  is  a  fine-grained  rock, 
consisting  principally  of  minute  particles  of  silica  in  a  granular 
or  globular  conaition,  together  with  a  large  number  of  the 
spicules  of  siliceous  sponges.  Fine  quartz  sand,  flakes  of  mica, 
and  small  grains  of  glauconite  are  the  other  principal  ingredients. 
Foraminifera  and  small  fragments  of  shell  are  often  present 
in  small  quantity.  There  is  also  a  certain  amount  of  very  fine 
amorphous  material,  the  silicate  of  alumina  already  described, 
togetner  with  fine  calcareous  particles  and  pseudo-coccoliths. 

The  rock  is  sometimes  very  soft  and  friable,  sometimes  fii-m 
and  coherent,  the  latter  state  being  produced  sometimes  by 
the  aggre^i^ation  and  felting  together  of  the  siliceous  granules  and 
sponge  spicules  and  sometimes  by  the  infiltration  ofa  calcareous 
crystalline  cement. 

The  colour  of  the  Hampshire  malmstone  varies  from  dull-grey 
or  greyish-brown  to  light  whitish-grey;  the  darker  varieties 
usually  contain  a  larger  proportion  of  the  tine  amorphous  matter, 
while  the  whitish  rock  is  either  a  pure  siliceous  or  a  siliceo- 
calcareous  malm. 

In  Wiltshire  there  are  generally  some  beds  of  compact 
malmstone  above  the  Gault,  of  a  dull-grey  colour  and  often 
calcareous,  and  these  beds  pass  up  into  a  very  sandy  malm 
or  quartzose  gaize,  in  which  grains  of  quartz  and  glauconite 
are  more  numerous  than  the  sponge-spicules  and  granular 
silica.  This  is  the  micaceous  sandstone  of  Devizes  in  which 
so  many  fossils  have  been  found,  for  it  is  a  curious  fact  that 
where  organic  silica  is  abundant,  the  remains  of  other  organisms 
are  rare. 

As  it  is  not  possible  to  break  down  specimens  of  malmstone 
completely  so  as  to  separate  its  constituents,  our  knowledge 
of  its  structure  must  be  gained  from  the  examination  of  thin 
sections  and  from  such  portions  as  can  be  isolated  by  the  action 
of  chemical  reagents.  Tne  following  is  a  more  particular  account 
of  the  component  materials. 

DetrlUd  Minerdh, 

Quartz  is  the  most  abundant  mineral  of  the  malmstones  and 
micaceous  sandstones.  It  occurs  as  angular,  subangular,  and 
sometimes  well-rounded  grains,  tor  the  most  part  clear  and 
glassy.  The  proportion  of  quartz-sand  varies  a  good  deal  in  the 
specimens    examined;  those    from  Hants    were    estimated  to 

1980.  Z 


354  CRETACEOUS   ROCKS   OF   BRITAIN. 

contain  from  5  per  cent,  to  15  per  cent.,  in  Surrey  and  Sussex 
there  is  about  the  siinio  proportion.  In  Bucks  and  Oxon  the 
range  was  from  5  per  cent,  at  Pitch  Green,  Risboro*,  to  25  per 
cent,  at  Pjrton,  near  Watlington. 

A  specimen  of  the  micaceous  sandstone  of  Devizes  contains 
at  least  50  per  cent,  of  sand,  another  from  a  lower  horizon  about 
15  per  cent. 

As  a  whole,  the  specimens  from  the  outcrop  of  the  main 
escarpment  of  the  Cretaceous  Rocks  cont^iin  more  sand  than 
tliose  of  the  North  and  South  Downs,  with  the  exception  of 
examples  from  l^astboiu-ne,  which  are  very  sandy,  and  can 
hardly  be  called  malmstone. 

There  is  considerable  variation  also  in  the  size  of  the  grains. 
In  the  malmstones  of  Surrey,  Sussex,  and  Hants,  the  average 
size  of  the  larger  grains  in  all  specimens  examined  was  '06  m.in. 
w^ith  a  maximum  of  11  m.m.;  in  the  specimens  from  Bucks 
there  was  greater  variation  in  the  size  of  the  sand  grains,  the 
maximum  average  being  in  that  from  Pyrton,  15  m.m.,  the 
smallest  at  Pitch  Green,  04  m.m.  In  the  micaceous  sandstones 
of  Devizes  the  average  size  varies  from  18  m.m.  to  "12  m.m.,  ihe 
grains  being  decidedly  larger  than  those  further  eiist.  Mica 
occurs  in  nearly  every  specimen ;  it  can  only  be  recojpiscd  in 
thin  sections  wnen  the  flakes  are  cut  transversely,  and  it  is  not 
possible  to  estimate  the  proportion  of  this  mineral. 

It  is  probable  that  felspars,  tourmaline,  rutile,  zircon  and 
other  mmerals  also  occur  in  the  Greens^inds,  but  they  have 
not  been  specifically  identified. 

Secondary  Minerals, 

Of  the  secondary  minerals  glauconite  occupies  an  important 
place.  Tlie  grains  are  similar  to  those  already  described  in  the 
Gault,  and  have  the  usual  roughly  mammillated,  furrowed,  and 
irregularly  outlined  contour. 

It  is  couunonly  seen  infilling  the  canals  of  sponge  spicules  or 
replacing  altogether  the  silica  of  the  spicule.  Fragnients  of  these 
fi^icular  casts  are  very  abundant  in  some  beds. 

The  estimated  amoimt  of  the  grains  varies  from  20  per  cent, 
in  the  micaceous  sandstone  of  Devizes,  to  1  per  cent,  or  even 
less  in  some  malms.  Their  size  corresponds  on  the  whole  with 
that  of  the  quartz  grains.  Iron-pyrites  or  marcasite  is  far  less 
common  in  the  Upper  Greensand  than  in  the  Gault;  small 
nodules  occur  in  many  Malms  examined,  with  small  masses  of 
brown  ferruginous  material. 

Organic  Elements, 

Tests  of  Foraminifera  are  seen  in  almost  every  thin  section 
of  the  malmstones.  They  are  never  conspicuously  abundant, 
and  form  a  very  small  part  of  the  deposit. 

Textularians,  Globigerina,  and  a  variety  of  Rotaline  forms 
may  be  made  out.  The  cells  are  filled  either  with  calcito  or  with 
silica  in  (ihalcedonic  or  colloid  condition,  or  with  glauconite, 
and  sometimes  with  the  amorphous  material  of  the  matrix.    It 
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is  noticeable  that  where  sponge  spicules  are  abundant  there  are 
few  foraminifera. 

Shell  fragments  do  not  occur  commonly  in  the  purer  kinds  of 
malmstone,  but  in  the  more  friable  sandstones  a  few  fragments 
may  be  seen,  chiefly  prisms  of  Inoceramus. 

Sponge  spicules  are  common  in  the  malms;  they  are  not 
equally  dispersed  throughout  the  rock,  but  are  more  abundant 
in  beds  which  may  be  recognised  either  hy  having  harder 
portions  of  the  rock  which  weather  out  prommently,  or  by  the 
occurrence  of  bluish-grey  siliceous  concretions,  which  occur  in 
layers  like  flints,  but,  unlike  flints,  are  usually  inseparable  from 
the  surroimding  matrix. 

All  four  of  the  chief  divisions  of  sponges  are  represented. 
Dr.  Hinde,  in  his  Memoir  on  the  Sponge  remains  of  the  Upper 
and  Lower  Greensand,  gives  a  description  of  the  aspect  and 
condition  of  the  spicules  of  the  sponge  beds,  of  which  the 
following  is  a  brief  resume  ^ : — 

The  spicules  are  exclusively  those  of  siliceous  sponges,  the 
silica  of  which  has  undergone  various  molecular  alterations  and 
now  presents  gradations  between  the  amorphous  or  colloid  and 
the  crystalline  state. 

The  sili(j^  of  the  spicules  in  the  sponge  beds  is  now  in  the 
following  mineral  condition — either  in  the  amorphous  or  colloid 
state ;  or  crypto-cr}rstalline,  like  chalcedony ;  or  crystalline ;  or 
replaced  by  glauconite  or  other  silicate,  or  by  crystalline  calcite ; 
or  the  silica  of  the  spicule  may  be  dissolved  away,  leaving  only  a 
mould  of  the  original  spicule,  or  a  cast  in  glauconite  or  silica  of 
the  spicidar  canal. 

The  external  appearance  of  those  spicules  which  retain  their 
silica  in  the  amorphous  condition,  and  which  are  the  more 
perfectly  preserved,  is  milky-white  or  opal  by  reflected  light, 
transparent  by  transmitted  light.  The  spicular  walls  are 
traversed  in  all  directions  by  minute  curved  lines,  which  under 
high  powers  can  be  resolved  into  incomplete  elliptical  rings.  In 
no  instance  does  the  spicular  canal  exist  as  a  hollow  tube,  but  is 
always  fiilled  mth  glauconite,  silica  or  a  ferrous  compound.  The 
infillmg  material  being  of  a  more  stable  nature  than  the  spicular 
wall,  the  wall  is  frequently  dissolved,  while  the  material  infilling 
the  canal  remains  and  might  be  mistaken  for  an  original 
spicule. 

Spicules  which  are  now  of  chalcedonic  and  crystalline  silica 
have  a  different  aspect  from  those  in  which  the  silica  is  colloidal. 
They  appear  like  ground  glass,  and  their  surface  has  a  rough, 
eroded  appearance. 

Sometimes  the  silica  of  the  spicule  is  entirely  replaced  by 
glauconite  or  by  calcite. 

(rlobidar  Colloid  Silica. 

Associated  witli  the  spicules  in  the  Mahnrock  is  a  large  amount  of 
silica  in  the  colloid  state  in  the  form  of  discs  or  globules,  to  which  Dr. 
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Hinde,  in  his  Memoir  on  the  Sponge  Beds  of  the  Upper  and  Lower 
Greensand,  thus  refers':-  - 

"The  colloidal  silica  of  the  8i)onge  beds  occurs  in  the  form  of  minute 
granules  .  .  .  and  also  in  globular  form,  that  is  to  say,  in  very  minute 
bodies  with  circular  outline  though  not  strictly  of  snherical  form."  "  While 
single  bodies  have  a  circular  outline  where  several  coalesce,  their  margins 
l)ecome  truncated  at  their  point  of  contact.  Freouentlv  the^se  Ixxiies  are 
clustered  around  residuary  spicules  and  attiichecl  to  the  solidified  canals 
of  spicules."  In  the  commonest  forms  there  is  a  marginal  ring  about 
one-sixth  of  the  diameter  of  the  globule  which  seems  faintly  striate,  or 
*' the  surface  is  covered  with  faint  striie  which  radiate  from  an  indefinite 
c  ntral  granule."  The  smallest  and  simplest  globules  consist  of  perfectly 
clear  silica  with(»ut  stria'  or  grainile  (see  Plate,  Figs.  1  and  2,  ]).  361).  They 
vary  ill  size,  the  smallest  being  TK)!  I  ni.m.  diameter,  and  from  this  there  are 
all  graduations  in  size  to  bodies  *04r)  ni.ni.  in  width.  The  globules  are  without 
acti(m  cm  oolarised  light,  and  readily  dissolve  in  a  solution  of  caustic  jwtash. 

When,  however,  thin  sections  of  malm  or  some  of  the  micaceous 
sandstones  are  viewed  under  the  microscope,  there  will  apf)ear  in  many 
specimens  a  considerable  amount  of  colloid  silica  in  whicn  the  globules 
or  discs  are  not  so  perfectly  formed.  Thus,  when  a  thin  section  of 
malmstone  from  Sutton  Mandeville,  in  the  Vale  of  Wardour,  is  viewed  by 
transmitted  light  with  an  objective  of  two-thirds  of  an  inch  focus,  there 
can  be  seen  minute  granules  glassy  or  slightly  opalescent  with  a  faint  rosy 
tinge ;  though  scattered  inaiscriminat^ly  through  the  mass  of  the  rock, 
they  are  distinctly  more  numerous  in  defined  but  irregular  areas.  They 
are  so  intimately  mixed  with  the  amorphous  material,  and  so  finely 
outlined,  that  it  is  im]>ossible  to  separate  them  from  it,  and  they  l)ecome 
lost  among  the  minute  ]»articles  of  the  matrix  of  the  malm  if  a  higher 
power  is  used.  Were  it  not  for  analogy  in  the  next  si>ecimen  to  be 
descrilxid,  the  relation  of  these  minute  particles  to  the  globules  of  colloid 
silica  might  l>e  overlor)ked.     There  are  no  spicules  in  this  slide. 

In  a  second  sp^^cimen  from  the  same  locality  but  at  a  higher  horizon 
granules  of  exactly  the  same  kind  occur,  and  the  matrix  consists  very 
largely  of  them.  They  have  in  this  section  a  clearer  outline,  and  can  be 
recognised  with  a  lens  of  i-incli  focus,  and  with  them  are  associated 
minute  globules,  none  larger  thim  '001  m.m.  Both  globules  and  gi'anules 
seem  to  have  the  s«ime  faint  rosy  tint  as  before,  and  behave,  both 
optically  and  chemically,  like  colloid  silica.  An  Analysis  of  this  rock  is 
given  on  page  327. 

We  have  here  in  fact,  but  on  a  much  smaller  scale,  featvu'es  analogous  to 
those  specimens  where  globular  colloid  silica  is  more  perfectly  developed. 
As  in  tne  case  of  the  larger  globules,  the  hregularity  in  the  shape  may  be 
due  to  the  close  approximation  of  each  globule  during  the  process  of 
formation.  There  are  a  few  spicules  in  this  slide,  their  silica  is  in  the 
colloid  state,  while  one  or  two  glauconitic  casts  of  si)icular  canals  indicate 
the  dissolution  of  others. 

A  further  stage  in  the  development  of  the  globules  is  seen  in  a  specimen 
from  Compton  Basset  in  Berks.  Here  there  is  no  difficulty  in  recognising 
both  the  irregularly  shaped  granules  or  the  globules,  and  their  presence 
gives  the  section  a  curiously  mottled  asj>ect  w^hen  viewed  by  transmitted 
light.  The  irregular  granules  of  colloid  silica  and  more  or  less  j)erfect 
globules  are  always  so  intimately  mixed  with  the  matrix,  that  it  is  very 
aifficult  to  obtain  a  clear  view  of  them  or  se])arate  them  from  it.  When 
the  edges  of  the  section  are  examined,  or  detached  portions  of  it,  with  an 
objective  of  J -inch  focus,  the  |»ar  tides  are  seen  to  be  glassy,  opalescent, 
very  finely  granular,  ragged  and  ill-defined  in  outline,  and  where 
superimposed  or  each  other  exhibit  a  faintly  rosy-brown  tint  The 
globules,  which  occur  in  considerable  numbers,  are  perfectly  plain,  having 
neither  nuclear  spot  nor  omamention  of  any  kind,  but  agree  in  all  other 
essential  particulars  w-ith  the  simplest  forms  described  by  Dr.  Hinde. 

From   the   stage  described   above,   thin  sectif>ns  of  malm  exhibit  all 
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gradations  in  the  character  of  colloid  silica  to  the  perfectly  formed  globules 
described  by  Dr.  Hinde,  but  in  all  cases  there  seems  a  direct  relaticm 
between  the  development  of  the  globules  and  the  amount  of  spicules 
occurring  in  the  rock  as  a  whole.  \l.  Cayeux  in  his  review  of  the  varieties 
of  the  **  Gaize  "  notes  this  variety  of  colloidal  silica  under  the  designation 
of  "  Silicu  gelatinoide."  * 

M.  Cayeux  believes  also  that  silica  in  tiic  colloid  stiite  was  obtained  not 
only  from  the  spicules  of  sponge^  but  also  from  the  decay  of  the  amorphous 
silicate  of  alumina  which  occurs  m  the  '*  Gaize." 

The  hard  concretionary  masses  of  })luish-grey  colour  which  occur  in  layers 
or  form  the  harder  parts  of  malmstone,  contain  a  larger  amount  of  spicules 
and  colloid  silica  than  the  softer  surrounding  rock.  The  silica  is  in  well- 
formed  globules,  and  such  si)ecimens  frequently  show  the  earlier  stages 
of  the  passage  of  the  globular  silica  to  crystalline  chalcedony,  as  will  be 
described  shortly. 

Sponge  Beds  and  Cherty  Concretions. 

As  might  be  expected  from  the  variable  aspect  of  the  beds 
which  compose  the  upper  part  of  the  Greensimd,  there  are 
groat  differences  in  their  composition  and  structure.  Some  beds 
consist  almost  entirely  of  mineral  grains  (quartz,  glauconite 
and  mica),  which  are  sometimes  cemented  together  by  calcite 
into  a  calcareous  sandstone,  but  there  are  others  in  which 
the  remains  of  sihceous  Sponges  occur  in  such  (juantity  that 
Dr.  Hinde  has  chiimed  them  as  deposits  of  organic  origin 
and  has  called  them  '*  Sponge  BecLs.** 

These  "  Sponge  Beds "  do  not,  however,  consist  of  Sponge- 
skeletons,  either  complete  or  partially  complete,  but  are  made  up 
principally  of  the  minute  detached  spicules  of  various  kinds 
of  Siliceous  Sponges.  Dr.  Hinde  writes  *: — "  The  deposits  appear 
to  have  been  produced  by  the  disintegration  of  the  skeletons  of 
numerous  generations  of  sponges  which  have  successively  lived 
and  died  in  the  same  areas  in  which  the  deposits  occur.  On  the 
death  of  the  animal  the  soft  tissues  by  which  its  skeleton 
wjis    held    together  would   rapidly    decay,  and   its  individual 

E articles  would  thus  become  detached  from  each  other  and 
o  scattered  over  the  surface  of  the  sea-bottom.  As  a  result 
of  this  the  fossil  sponge  beds  consist  of  a  heterogeneous  mixture 
of  the  skeleton-spicmes  of  various  kinds  of  Sponges.  Under 
exceptionally  favourable  conditions  of  preservation  the  minute 
spicules  are  now  met  with  in  a  loose  detached  condition, 
not  unlike  that  in  which  they  may  be  supposed  to  have  been 

E resent  at  the  sea-bottom  soon  after  the  cleath  of  the  animal ; 
ut  as  a  general  rule  they  are  now  amalgamated  with  the 
inorganic  materials  of  the  deposits  into  hard  beds  of  rock, 
and  they  have  suflered  partial  or  complete  solution  and 
replacement  by  calcite,  glauconite  and  iron  peroxide." 

Beds  consisting  largely  of  sponge-spicules  occur  in  the 
higher    part    of   the    Malmstone  of  Surrey    and    Hampshire, 

^  Contribution  h  I'litude  Micrographiciue  des  Terrains  Sedimentaires,  par 
L.  Cayeux,  page  63.    (Lille,  1897.) 

^  On  Beds  of  Sponge-remains  in  the  Lower  and  Up]>er  (4recnsand. 
Phil.  Traus.  lloy.  8oc.,  1885,  p.  403.  Figs.  1  and  2  of  the  iiccoinpanymg 
Plate  are  taken  from  Dr.  Hinde's  Plates,  xl.,  fig.  3,  and  xlv.,  %.  19. 
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and  in  the  Chert  Beds  of  Wiltshire,  Dorset  and  the  Isle  of 
Wight.  Some  of  them  might  be  termed  spiculiferous  sand 
or  silt,  others  have  the  aspect  of  a  coarse  granular  sandstone 
when  seen  in  the  quarry,  but  really  consist  largely  of  felted 
masses  of  spicules  (chiefly  of  large  megamorine  Lithistid  Sponges). 
Material  of  this  kind  has  been  called  "sponge  rock"  by  Dr. 
Hinde,  but  wo  think  a  better  name  might  be  found. 

A  mass  of  such  rock  10  feet  thick,  exposed  in  a  quarry  near 
Shute  Farm,  Warminster,  is  thus  described  bv  Dr.  Hinde 
(op.  cit.  p.  420) : — "  The  rock  .  .  .  is  of  a  whitish  appearance, 
and  consists  of  silica,  both  amorphous  and  as  chalcedony,  calcite, 
a  small  quantity  of  mica  and  grains  of  glauconite  and  quartz. 
It  is  tilled  with  spicules  of  relatively  large  size ;  .  .  .  these 
spicules  are  of  amorphous  silica  and  are  entirely  negative 
between  crossed  nicols,  though  their  canals  are  usually  infilled 
with  chalcedonic  silica  or  with  glauconite,  and  the  transparent 
siliceous  matrix  in  which  they  are  embedded  is  also  chalcedonic. 
The  spicules  are  in  such  profusion  in  some  of  the  beds  that 
they  form  distinctly  marked  thin  white  parallel  layers,  with 
intermediate  layers  whi(jh,  from  the  larger  proportion  of 
glauconite  grains  in  them,  are  of  a  greenish  tint.  These  parallel 
layers  must  have  been  thus  arranged  at  the  time  the  beds 
were  foruiing,  and  they  indicate  the  disintegration  of  the  sponges 
and  the  mingling  of  their  spicules  before  thev  were  buricnl  under 
frcvsh  deposits.  The  perfect  condition  of  tfie  spicules  likewise 
indicates  that  they  could  not  have  been  driftea  to  any  extent 
over  the  sea-bottom." 

In  this  and  other  sponge-beds  layers  and  nodules  of  chert  arp 
of  frequent  occurrence. 

Similar  rock,  having  a  gianiilar  aspect,  occurs  in  quarries 
at  and  near  Maiden  Bradley,  and  Dr.  Hinde  thus  writes  of  a 
sample  sent  to  him  from  this  locality : — "  The  sponge  remains 
filling  the  rock  an^  detached  spicules  of  megamorine  Lithisthid 
and  Tetractinellid  f*j3ons:es  which  have  heen  disintegrated. 
The  spicules  are  still  of  colloid  silica  in  the  globular  condition  or 
filled  with  the  peculiar  curved  C-like  markings.  Their  canals 
are  tilled  with  solid  glauconite  or  allied  greenish  mineral.  The 
only  other  organisms  recognised  are  Foraminifera  (Globi/ferina, 
Rotalid.iiTid  Tfxtiihi ria)y  and  to  these  the  cah^areous  constituents 
are  mostly  due.  The  minerals  of  the  rock  are  quartz-grains, 
globular  silica,  glauconite-grains  and  mica-flakes,  also  c^ilcite. 
rh(^  (jnartz-gi'ains  are  mostly  small  and  angular ;  an  interesting 
peculiarity  about  them  is  that  many  have  attached  to  their 
surfaces  the  small  siliceous  globules  derived  from  the 
disintegration  of  the  spicules,  in  some  cases  covering  the  quartz 
grains.' 

With  such  sponge-rock  there  often  occur  layers  of  a  fine 
whitish  or  greyish-white  silt.  We  only  use  the  word  silt  for 
want  of  a  better  one,  but  the  material  consists  largelv  of  spicules 
(perfect  and  broken)  and  of  globular  silica,  with  variable 
quantities  of  fine  (juartz-sand  and  of  silvery  mica.  Glauconite 
is  generally  present  in  such  small  (quantity  that  it  gives  no  tint 
to  the  cloposit. 
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Between  the  more  spiculiferous  layers  which  may  properly  be 
designated  as  "  sponge  beds  "  the  aspect  of  the  rock,  when  viewed 
under  the  microscope  in  thin  sections,  varies  according  to 
its  predominating  constituents,  and  is  not  all  alike  throughout. 

In  some  cases  ciystalline  calcite  permeates  the  whole  rock, 
intimatelv  intermingling  with  the  spicules  and  colloid  silica. 
At  Merstnam,  and  Puttenham  in  Surrey,  at  Binstead  and  Dippen- 
hall  in  Hants,  and  in  other  places  there  exist  courses  of  distmctlv 
calcareous  rock.  Thus  specimens  of  a  hard  bluish-grey  rock 
between  two  well-marked  sponge-beds  at  Puttenham  consist 
almost  entirely  of  coarsely  granular  calcite,  and  though*  the  rock 
doubtless  contains  a  certain  amount  of  silica — for  sponge-spicules 
and  residuary  spicules  of  glauconite  can  be  seen  m  it — this 
is  completely  masked. 

At  Dippenhall  (for  section  of  this  quarry  see  page  109)  there  is 
a  bed  of  rock  four  feet  six  inches  thick  which  seems  almost 
entirely  granular  crystalline  calcite ;  beneath  is  a  line  of  doggers, 
in  which  the  partly  crystalline  and  partly  amorphous  colloid 
silicii  with  spicules  mdicate  a  "  sponge-bed  ";  then  comes  a  layer 
in  which  spicules,  though  abunaant,  are  not  pre-eminently  so, 
the  material  containing  much  amorphous  inorganic  matter 
glauconite,  sand  grains,  &c.  Below  this  follows  a  bed  six  feet  six 
inches  thick,  almost  purely  siliceous,  consisting  chiefly  of 
tine  amorphous  colloid  silica,  somewhat  similar  to  that  described 
on  page  356,  much  globular  colloid  silica  and  sponge-spicules :  it 
is  a  well-defined  '*  sponge-bed "  though  not  crystalline.  Other 
similar  instances  could  be  quoted.  The  more  calcareous  of 
the  beds  described  above  are  quarried  for  building  material  and 
road  mending. 

Not  only  do  moderately  thick  beds  containing  much  calcite 
exist  between  the  sponge-beds,  but  some  of  tne  dogger-like 
masses  which  at  first  glance  might  be  thought  a  repetition  of 
spongeous  layers  are  really  calcite.  Thus  at  tne  Boreham  quarry 
near  Wanninster  there  is  a  line  of  doggers  consisting  entirely 
of  broadly  crystalline  calcite,  with  here  and  there  a  spicule,  but 
with  no  colloid  silica  optically  visible. 

In  the  central  and  western  part  of  the  Isle  of  Wight  sponge- 
beds  occupy  the  same  position  as  in  Wiltshire,  At  its  eastern 
end  they  are  not  so  evident,  though  layers  of  doggers  with  sponge 
structure  occur.  Between  them  the  material  of  the  rock  is  fine 
silt  consisting  of  the  amorphous  silicate  of  alumina  with  mineral 
grains  chiefly  quartz  and  some  glauconite,  grains  of  the  last- 
mentioned  mineral  often  occurring  in  considerable  quantity. 
There  are  very  few  spicules  and  no  colloid  silica. 

The  layers  of  chert  which  form  so  conspicuous  a  feature  of  the 
sponge-beds  consist  of  siUca,  which  is  wholly  or  partially  in  a 
crystalline  condition,  and  includes  more  or  less  of  the  organic 
and  inorganic  constituents  of  the  deposit. 

The  term  chert  is  applied  not  only  to  the  beds  of  clear  glassy 
crystaUine  silica  which  are-  a  feature  of  the  higher  beds  of  the 
Upper  Greensand,  but  also  to  the  dull  bluish-grey  and  far  less 
crystalline  masses  which  occur  at  this  and  at  somewhat  lower 
horizons. 


360  CRETACEOUS  ROCKS  OF  BRITAIN. 

These  difterent  varieties  of  chert  are  due  partly  to  varying 
amounts  of  silica  in  a  colloid  condition,  and  ]f)artly  to  the 
impurit^'es  which  may  be  included  within  it. 

Thus,  if  a  section  of  one  of  these  bluish-grey  concretions  be 
examined,  it  will  be  seen  to  consist  of  sponge-spiculcs,  globular 
silica,  and  a  certain  amount  of  amorphous  material  with  other 
ingredients  of  the  rock,  such  as  sand  and  glauconitic  gi-ains, 
occasionally  a  few  foraminifera,  &c. 

There  may  be  great  variation  in  the  condition  of  the  spicules ; 
some  may  have  the  siUca  of  their  walls  still  in  the  colloid  state, 
in  others  the  walls  may  be  dissolved  and  only  casts  of  the 
spicular  canal  remain  in  glauconite,  or  in  a  stable  siliceous 
substance  which  behaves  optically  as  chalcedony ;  in  a  calcareous 
malm,  residual  spicular  canals  may  be  of  calcite. 

The  globules  of  siUca  will  appear  finely  but  distinctly  outlined 
and  none  of  their  charr.cter  is  lost. 

But  the  whole  mass  is  pcnncated  with  a  clear  glassy  substance 
which  here  and  there  exhibits  a  faint  crypto-crysUdlino  structure, 
and  is  silicii  probably  derived  from  the  dissolution  of  some  of 
the  spicules.  If  a  thin  slice  of  such  a  specimen  be  boiled  for  a 
short  time  in  caustic  potash,  many  of  the  spicules  and  much  of 
the  globular  silicii  will  disiippear;  the  remainder  is  seen  to  be 
partly  crystiillised  chalccdonic  silica,  which  here  and  there  has 
protected  globules  or  spicules  fi'om  the  action  of  the  potash. 

Here  then  we  have  an  example  of  what  may  be  termed, 
immature  chert,  a  rock  induratea  with  siUca,  possibly  derived 
from  the  dissolution  of  sponge-spicules,  which  seems  slowly 
passing  to  a  more  cr}'^stalline  condition. 

Though  these  cherty  nodules  usually  contain  more  spicules 
and  gloDular  colloid  silica  than  the  surrounding  rock,  no  reason 
can  be  given  for  the  commencement  of  crystallisation  around  one 
particular  point ;  it  is  quite  possible  to  hnd  beds,  in  which  the 
quantity  of  globular  sihca  and  sponge-spicules  is  quite  as  large 
yet  the  rock  remains  unaltered. 

The  purest  black  crystalUne  chert  presents  a  very  difterent 
aspect.  Thin  sections  of  this,  when  viewed  by  transmitted  light, 
are  seen  to  have  a  broadly  fibrous,  crystalline  appearance, 
]X)larising  with  brilliant  colours,  thus  diftering  greatly  from  the 
minutely  crypto-crystalline  structure  of  flint.  Tne  fibres  radiate 
fi'om  a  number  of  common  centres,  and,  interfering  with  each 
other,  produce  an  irrejjular  fan-shaped  arrangement.  Here  and 
there  areas  occur  in  which  the  structure  is  clear  and  glassy ;  such 
areas  behave  optically  like  (piartz,  polarising  with  brilliant 
colours,  and  exhibiting  a  definite  crystalline  structure.  Such 
areas  cannot  be  confounde^^^l  with  an  accidental  accumulation  of 
quartz  grains.  Tliough  fragments  of  pure  black  chert  may  be 
obUiiM^d  of  some  size,  it  is  usually  not  difficult  to  find  traces  of 
»ponge  spicules. 

]  between  pure  black  chert  and  the  opaque  blue-grey  concretions 
just  describtnl  there  is  every  gradation. 

In  the  bluish-grey  crystalline  yet  opaque  chert,  the  silica 
of  the  matrix  is  fibrous  chalcedony,  and  the  opacity  appears 


AticRoscopic  Sectionji.    Upper  Oreeshand. 
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to  be  produced  by  the  masses  of  partly  altered  globular  silica, 
the  sponge  spicules,  and  other  included  material.  The  clearer, 
but  dirty-looking  chert  contains  in  the  crj-stallinfi  matrix  much 
opaque  organic  matter,  sand  grains  and  glauconitc  &c.,  and  not 
infrequently  an  oxide  of  iron  in  a  very  fine  state  of  division 
is  distributed  through  the  mass.  Sometimes  the  chert  contains 
definite  calcite-particlcs,  apparently  fragments  of  shell,  but 
most  frequently  it  is  the  masses  of  globiuar  silica  and  sponge- 
spicules  which  form  the  cloudy  patches  in  otherwise  compara- 
tively clear  chert. 

We  have  already  said  that  when  a  thin  slice  of  opaque  bluish- 
grey  chert  was  boiled  in  caustic  potash,  globules  and  sponge 
spicules  with  their  silica  in  the  colloid  state  were  dissolved. 

In  some  specimens  of  chert  the  spicules  and  globules  have 
been  dissolved  out  naturally  as  in  that  from  Bugley  near 
Warminster  and  Fiddington  south  of  Devizes ;  the  silica  having 
probably  gone  to  augment  the  chalcedonic  matrix;  such  rock, 
which  IS  very  light  in  the  hand,  shows  only  the  casts  of  the 
spicules  and  globular  silica  which  once  existed  in  it.  Crystalline 
concretions  of  a  cherty  nature  but  of  ditt'erent  character  to  that 
above  described  not  infre(juently  occur  between  marked  sponge 
beds.  Thus  at  Boreham  quarry  are  two  l>eds  which  are  practi- 
cally layers  of  sand  cemented  by  crystalline  silica.  The  propor- 
tion of  sand  wiis  cstinated  at  80  per  cent.  ;  few  spicules  were  to 
be  seen,  but  between  the  sand-grains  globular  silica  was 
abundant. 

Though  sponge  spicules  occur  in  every  specimen  of  chert  we 
have  examined  they  are  not  abundant  in  all,  and  from  the 
evidence  of  many  sections  examined  there  seems  good  reason 
for  believing  that  the  silica  of  the  spicules  graduallv  changes 
from  the  colloid  to  the  chalcedonic  condition  and  becomes 
absorbed  as  it  were  into  the  chalcedony ;  in  the  process  the  outUne 
of  the  spicule  fi'cquently  becomes  lost  or  is  only  feebly  outlined, 
so  that  even  cherts,  which  are  now  comparatively  frc  i^  from 
spicules,  may  have  originated  from  their  previous  existence. 

The  accompanying  Plate  illustrates : — 

Fig.  1.    Section  of  Sponge-rock  showing  SiK)nge-spicules  and  globules. 

(G.J.  Hinde.)  ^  . 

Fig.  2.    Globules  of  colloid  silica.    (G.  J.  Hinde.) 
Figs.  3  and  4.    The  gradual  change  in  the  appeaiunce  of  the  globules 

in  the  process  of  their  apparent  absorption  into  the  chalcedonic 

matrix,    c  in  Fig.  4  in  a  Sixmge-spicule. 

Not  only  does  the  colloid  silica  ot  the  spicules  seem  to  pass 
directly  into  the  chalcedony  of  chert,  but  that  of  the  globules 
also. 

To  see  this  it  is  necessary  to  examine  a  series  of  thin  sections  of 
cherty  nodules  from  the  opaque  bluish-grey  variety  to  those  in 
which  the  silica  is  crystalline  chalcedony.  It  will  then  be  seen  that 
the  general  aspect  of  the  typical  unaltered  globule  or  disc  viewed  by 
transmitted  light  in  a  thin  section  of  partly  crystalline  chert  is  that  of 
a  circle  delicately  outlined,  its  edges,  internal  markings  and  ornament- 
ation sharply  defined.    The  first  indication  of  alteration  is  an  increasing 
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distinctness  and  a  broadening  of  the  outer  rim  (Fig.  3a).  which  seema 
due  to  a  kind  of  granulation  ;  noticeable  granulation  of  the  interior 
succeeds  (Fig.  3bX  until  semi  or  almost  complete  opacity  is  reached 
(Fig.  3c).  This  alteration  is  frequently  accomimnied  by  a  brownish 
discoloration  as  though  by  infiltration  of  iron.  The  aspect  of  the  now 
nearly  opaque  globule  is  white  and  pearly  by  direct  light.  It  is 
difficult  to  say  wliat  happens  next.  Some  of  the  globules  which  have 
reached  this  stage  are  certSiinly  hollow,  in  some  it  can  be  indistinctly 
seen  by  transmitted  light  that  they  are  filled  with  fibres  arranged 
radially  from  a  common  centre.  Around  the  i>eriphery  of  the  globule 
may  now  be  seen  onaque  hair-like  projex^tions  (Fig.  4a)  which  roughly 
speaking  align  witn  the  fibres  of  the  chalcedonic  matrix.  Then  the 
boundary  of  the  globule  becomes  indistinct,  a  crystallisation  of  the 
interior  seems  to  pnx'eed  with  a  gradual  decrease  of  opacity,  and  finally 
a  mere  blur  (Fig.  4b)  in  the  crystalline  chalcedony  indicates  the 
position  of  the  globule. 

This  description  applies  particularly  to  those  bodies  of  colloid 
silica  which  appear  to  be  spherical. 

In  the  case  of  those  which  appear  to  be  discs  much  the  same 
phenomena  occurs,  viz.,  accentuation  of  outline,  interior  granu- 
lation and  discoloration,  hair-like  projections  from  the  periphery, 
and  the  gradual  and  final  disiippoarance  of  form  in  the 
surrounding  chalcedony. 

Not  only  do  single  globules  exhibit  th's  phenomenon,  but 
whole  masses  of  them  seem  to  undergo  a  similar  change. 

All  chert  contains  globules  or  traces  of  them,  as  well  as 
spicules,  The  result  of  the  exammation  of  a  series  of  thin 
sections,  from  the  opaque  and  what  may  be  termed  immature 
chert  to  the  mature  pure  black  variety,  leads  me  to  believe  that 
though  a  certain  amoimt  of  silicii  may  bo  interchanged  from  one 
bed  to  another  in  solution  by  percolating  water,  the  greater  part 
has  been  transformed  in  fititii  from  the  colloidal  condition  of^the 
spicules  and  globules  into  that  of  cr}^stiilline  chalcedony. 

A  case  of  the  possible  transference  of  silica  from  one  bed 
to  another  occurs  m  the  very  sandy  chert  noted  on  page  361. 
There  are  practically  no  spicules,  and  though  the  silica  ma^ 
have  been  introduced  dunng  the  formation  of  the  bed,  it 
seems  also  possible  that  the  cementing  material  may  have  been 
carried  down  by  percolating  water.  There  are  many  globules 
between  the  sand-grains,  and  these  are  in  all  stages,  from  the 
mature  and  perfect  globtlle  to  that  which  seems  gradually 
merging  into  the  chalcedony ;  many  are  hollow,  and  doubtless  all 
are  contributing  or  have  contributed  to  the  crystalline  cement. 

From  the  study  of  the  "  Sponge  Beds  "  it  is  clear  that  at  this 
period  Sponges  existed  locally  m  exceptional  abundance.  The 
shedding^  of  their  spicules,  their  death,  and  the  decay  of 
their  tissues,  and  the  accumulation  of  a  fine  sediment  aroimd 
them  produced  a  deposit  highly  charged  with  organic  silica 
in  the  unstable  colloici  state. 

*  See  Rolla.s,  A  Contribution  to  the  History  of  Flints.  Proc.  Roy.  Soc. 
Dublin,  vol.  xii.,  part  i,,  1887  ;  and  also  Oceanic  DeiK)8it8,  Report  of  the 
Challenger  Expedition,  page  284. 
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That  spicules  are  dissolved  in  sea  water,  there  is  abundant 
evidence  to  prove,  but  we  have  already  expressed  our  opinion 
that  the  gloDular  colloid  silica  was  fonned  in  siliceous  oozes,^ 
the  silica  of  dissolved  or  partly  dissolved  spicules  contributing  to 
its  formation  though  the  precise  chemical  actions  which  took 
place  are  by  no  means  clear. 

Examination  of  cherts  leads  one  to  believe  that  accumulations 
of  siliceous  material,  consisting  almost  entirely  of  sponge  spicules 
and  colloid  silica,  existed  at  the  horizons  now  occupied  by  the 
chert,  that  a  large  part  of  this  material  passecl  into  the 
form  of  gelatinous  silica,  and  that  on  the  elevation  and  consolida- 
tion of  the  deposit  this  silica  passed  into  chalcedony  and  formed 
the  various  kinds  of  chert. 

From  evidence  given  m  the  preceding  pages  it  would  appear 
that  this  crystallisation  took  place  in  situ,  and  that  some  oi  the 
phenomena  connected  with  its  stages  can  be  still  followed  under 
the  microscope.  Many  years  ago  Prof  SoUas  pointed  out  to  one 
of  us  specimens  of  large  Cythereu  and  Cyindna  from  the 
Blackdown  Beds,  the  inside  of  which  were  practiwilly  filled  with 
chalcedony  the  surface  of  which  was  flat,  and  he  explained  this 
by  supposing  that  the  shells  had  caught  the  silica  as  if  they 
were  cups  or  plates  in  the  sand,  the  silica  remaining  in  the 
shell  ana  becoming  a  colloid  miuss,  which  afterwards  crystallised 
into  chalcedony.  There  was  in  all  probability  concentration 
of  the  silica  by  the  escape  of  water  through  the  shell,  the  shell 
being  replaced  by  silica  in  the  process.  Many  spicules  and 
much  globidar  silica  have  been  and  perhaps  are  still  being 
dissolved  by  percolating  water,  but  such  silica  is  probably  carried 
away  in  solution,  and  we  doubt  whether  any  of  it  is  added  to  the 
existing  cherts,  though  there  is  a  possibility  of  this  occurring 
under  mvourablo  circumstances. 

No  doubt  much  of  the  calcareous  material  which  may  have 
been  intermixed  with  the  original  sediment  has  also  been  removed 
by  percolating  water,  but  there  is  no  evidence  to  favour  the 
view  that  the  space  now  occupied  by  chalcedony  ever  consisted 
wholly  of  calcite,  or  that  the  rock  Wiis  a  limestone  which  has 
been  altered  by  a  direct  process  of  replacement. 

We  entirely  agree  with  Dr.  Hinde's  statement  (op.  cit.  p.  420), 
that  the  cherty  portions  of  a  sponge-rock  "  were  originally  as 
[fully]  filled  with  perfect  spicules  as  the  siliceous  rock  [or  sand- 
stone] into  which  they  pass,  and  that  the  difference  residts  from 
the  solution  of  the  amorphous  silica  of  the  walls  of  the  spicules, 
and  its  redeposition  in  the  chalcedonic  condition  to  form  the 
chert." 


3.    Grreen   Sands   and   Olauconitic   Sock. 

The  highest  beds  of  the  Upper  Greensand  are  generally  sandy 
or  glauconitic  sand,  sometimes  cemented  by  calcite  into  sancl- 
stones,  but  the  size  of  the  grains  varies  accor(ling  to  locality. 

^  Quart.  Joum.  Geol.Soc.,  vol  xW.,  pages  416  to  420. 
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Glauconitic  sands  and  Siindstones  occur  both  above  and  below 
the  Chert  beds  of  Wilts,  Dorset,  Devon,  and  the  Isle  of  Wight ; 
their  chief  constituent  is  coarse  quartz  sand,  with  fragments  of 
felspar  and  mica,  but  large  glauconitic  grains  are  abundant.  The 
cementing  material  of  the  sandstones  is  crysUdline  calcite,  and 
in  the  highest  beds  no  sponge  spicules  or  globules  of  silica 
occur.  Much  soft  rock  of  an  equally  sandy  nature  occurs  at 
the  Cann  quarry  near  Shaftesbury,  and  the  highest  beds  of 
the  Greensand  below  Melbury  Hill  are  of  similar  but  finer 
grain.  The  highest  beds  of  Surrey  are  somewhat  soft,  and 
consist  chiefly  of  fine  inor<^anic  material  and  much  calcite  in 
fine  particles.  Mica  is  orten  abundant,  the  rock  sparkling 
with  mica-flakes,  and  glauconitc-grains  are  sufficiently  nume- 
rous to  give  the  rock  a  green-grey  tint. 

We  have  not  examined  mmutely  the  soft  green  glauconitic 
sands  of  Bucks  or  Berks,  nor  any  speciiriens  of  the  highest 
part  of  the  Upper  Greensand  along  its  outcrop  at  the  hixso 
of  the  South  Downs  except  at  P^astbourne.  Here  a  sandy, 
miciiceous  and  slightly  glauconitic  rock  with  a  few  sponge 
spicules,  but  hardly  a  Malm,  passes  down  into  a  hrmly 
compacted  Greensimd  in  which  the  grains  of  glauconite  form 
75  per  cent,  of  the  mass. 

Drtrital    Mirurah. 

Some  of  the  ilotritnl  iniiiorals  of  the  higJier  lieds  of  the  Upi»er  (jri*eensand 
have  already  been  alluded  to.  Quartz  is  by  far  the  most  abundant.  Frag- 
ments of  fels[)athic  rock  are  clearly  recognisable  in  the  coarse  sands  and 
sandstones  of  the  West  of  England,  and  in  the  dust  from  various  specimens 
tourmaline,  zircon  and  rutile  can  be  seen.  Mica  is  almost  always  present. 
As  in  the  Malmstones,  all  si)ecimens  which  contain  the  coarsest  grains 
come  from  the  West  of  England.  Those  from  a  rather  soft  lx)d  at  Gann 
miariy  near  Shaftesbury,  from  Crockerton  and  from  the  upper  part  of  the 
Upper  Greensand  at  Mewp  Bay  average  "4  ni.m.  in  their  longest  diameter. 
Those  in  the  sandy  beds  at  Boreham  near  Warminster  average  2*5  m.m  ;  in 
the  calcare(»-siliceoas  stvndy  rock  of  Stert  the  avemge  is  about  "2  m.m.  In 
the  sponge  beds  (chert)  of  Warminster  and  Devizes  their  size  is  about  '15 
m.m.  From  a  specimen  4  ft.  below  the  Chloritic  Marl  near  Alton  the 
average  is  '13  m.m.,  and  the  micaceous  beds  at  the  top  of  the  Greensand 
near  Gods  tone  about  *!  m.m. 

In  quantity  it  was  ascertivined  by  actual  experiment  that  the  bed  at 
Cann  (juarry  contained  74  \)qv  cent,  of  mineral  grains,  chiefly  quartz,  with 
some  glauconite  and  mica  and  probably  some  felspar.  The  estimated 
amount  of  quartz-sand  in  the  sand-rock  at  Crockerton  is  80  per  cent.;  in 
the  sandy  beds,  Stert,  25  i)er  cent,  to  60  per  cent.  In  the  sponge-beds  the 
amount  of  quartz  is  not  large,  and  unless  the  grains  are  so  masked  by  the 
chalcedony  as  to  be  invisible  the  quantity  is  frequently  not  over  5  per 
cent,  rarely  15  per  cent. 

The  foUovsdng  are  notes  on  a  few  interesting  specimens,  slides 
of  which  were  prepared  at  the  Geological  Survey  Office  and  sent 
to  me  for  examination: — 

No.  1.  SandsUme  No.  7,  from  Grafton  cuttinq  Wilts  (see  p.  264). — By 
transmitted  light  and  under  a  f  inch  objective  this  rock  is  seen  to  consist 
mainly  of  mineral  grains,  chiefly  quartz,  va\h  some  mica  and  a  few  grains 
of  tourmaline,  zircon,  &c.  The  proportion  of  such  mineral  grains  is  about 
60  or  70  per  cent.,  and  there  is  besides  about  7  per  cent,  of  glauconite  grains. 
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There  are  a  considerable  number  of  Foraminifera  in  the  slide  chiefly 
Glohigenna  and  Text/iUarian$^  and  there  are  many  small  calcareous 
particles. 

The  rock  contains  also  a  number  of  snonge  spicules  :  many  of  these 
consist  of  silica  in  the  usual  colloid  state,  out  in  others  tlie  spicular  walls 
have  been  replaced  by  calcite.  In  some  cases  the  canal  only  is  filled  with 
calcite^  but  in  others  the  whole  spicule  seems  to  have  been  so  replaced, 
again  m  others  the  walls  are  calcij^  while  the  canal  is  filled  with  ^lobular 
sUica,  or  with^  silica  \}\  wkioh^aintiy  marked  indications  of  chalcedonic 
structure  can  be  seen.  '  The  canals^^f  other  spicules  are  filled  with 
glauc(mite. 

The  cementing  material  is  a  curious  mixture  of  broadly  crystalline 
calcite,  globular  colloid  silica,  and  silica  which  is  not  globular  but  has  a 
vaguely  granular  texture  and  the  dull  translncency  of  horn.  CkKse  exam- 
ination shows  that  this  "  corneous  "  silica  is  distributed  irregidarly  through 
the  slide,  occurring  throughout,  but  principally  in  patches,  and  in  such 
patches  the  quartz-grains  are  fewer  in  number.  With  crossed  Nicols  it  is 
practically  neutral,  but  here  and  there  is  a  shadowy  api)earance  which 
seems  to  bo  due  to  an  incipient  crypto-crystalline  structure. 

The  slide  is  traversed  by  one  of  these  irregular  patches  of  silica,  and 
besides  scattered  quartz  grains  there  are  many  minute  Textularians,  the 
tests  of  which  seem  to  be  still  calcitic.  Around  the  borders  or  outskirts  of 
the  area  globular  silica  occurs  conspicuously,  and  it  is  also  possible  to  see 
the  outlines  of  globules  here  and  there  within  the  tract  of  "  corneous  "  silica. 

Elsewhere  throughout  the  slide  globular  silica  occurs  in  profusion 
between  the  mineral  grains.  There  are  also  large  broad  crystals  of  calcite, 
which  seem  to  be  thin  fiattish  masses,  and  are  intimately  mixed  with  the 
rest  of  the  rock.  There  is,  moreover,  a  curious  'relation  between  them  and 
^the  globular  silica,  for  their  edges  are  everywhere  indented  with  close-set 
semicircular  concavities  or  excavations.  The  aspect  of  these  eroded  calcite 
crystals  and  spicules  suggests  the  idea  that  the  globular  siliciu  at  th{^ 
moment  of  its  formation,  had  an  energetic  acid  reaction,  bv  whicn  it  was 
able  to  encroach  ra[>idly  upon  all  the  ciilcareous  IkkHos  with  which  it  was 
in  contact,  but  that  after  the  silica  liad  once  taken  the  gloljular  form  no 
further  encroachment  or  replacement  took  place. 

No.  2.  Part  of  a  small  Cowstone  from.  Black  Ven  {see  p.  187).— Seen  by 
transmitted  light  and  under  i  §  inch  objective  this  rock  snows  a  niass  of 
closely  packed  mineral  grains,  chiefly  quartz,  but  with  some  mica  and 
grains  that  are  probably  felspar.  Glauconite  is  present  but  forms  only 
about  1  per  cent,  of  the  coarse  material.  There  are  also  a  few  s^wnge 
spicules,  and  a  small  amount  of  amorphous  inorganic  material. 

At  first  sight  the  chief  cementing  material  appears  to  be  granular  crys- 
talline calcite,  but  closer  examination  shows  tnat  the  rock  is  i)ermeated 
with  the  i)eculiar  kind  of  silica  which  has  been  described  alx>ve.  There  are 
several  patches  or  areas  of  it,  where  mineral  particles  are  few,  though  not 
altogether  absent.    There  is  no  globular  silica  in  this  slide. 

No.  3.  Concretion  about  20  feet  al/ove  the  Cowstones. — The  ground  mixss 
of  this  consists  of  granular  crystalline  calcite  embodying  a  considerable 
(luantity  of  fine  amorphous  inorganic  matter.  The  included  mineral  grains 
are  chiefly  quartz,  estimated  at  40  to  45  per  cent.  Of  glauconite  grains 
there  are  about  5  i)er  cent.  There  is  no  kmd  of  interstitial  silica  in  this 
slide. 

No.  4.  Sandstone  between  Chtrt-beds^  llooken  Cliffy  Beei*  Head. — Examined 
as  before  with  a  \  objective  this  rock  is  seen  to  be  largely  calcareous,  the 
mineral  grains  (cjuartz  and  glauconite)  making  up  but  a  small  i)ortion  of  its 
mass.  In  its  original  state  it  api)ears  to  have  consisted  chiefly  of  definite 
calcareous  jiarticles,  such  as  fragments  of  shell,  with  a  fair  number  of 
Foraminifera.  but  these  are  now  enveloixjd  and  cemented  by  broadly 
crystalline  calcite.  There  seems  however  to  have  been  much  finely-divided 
calcareous  matter  mixed  with  the  larger  particles,  and  the  existence  of  this 
has  caused  a  finer  and  more  granular  crystalli^tion  of  the  calcite  in  some 
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parts  of  the  rock,  and  this  in  places  interferes  with  and  obscures  the  definite 
outlines  of  the  particles. 

Quartz  occurs  in  angular  and  subangular  grains  :  there  are  a  few  grains 
of  glauconite.  and  this  mineral  fills  some  of  the  tests  of  Foraminifera.  No 
sponge  spicules  could  be  seen. 

There  is  also  a  certain  amount  of  silica  present  of  the  same  character  as 
that  found  in  No.  2  (Cowstone),  two  or  three  patches  or  lacunce  of  it  l>eing 
noticed.  ♦  •     -*i     . 

No.  5.  Febhle  in  SarulsUnie  v}ith  Mjroffffva  dif/itnta,  WhiUdiff-  Tlds  was 
cut  because  i)cbbles  of  sand.^toiie  are  numerous  in  this  part  of  the  series,  and 
some  writers  had  siiggested  that  they  might  have  been  derived  from  Port- 
Ian  dian  Beds. 

The  slide  shows  the  rock  to  have  been  a  fine  calcareous  sand  fonned  of 
portions  of  calcareous  organisms  and  finely  divided  calcareous  debris,  with 
about  10  per  cent,  of  angular  mineral  ^ams  and  1  per  cent,  of  glauconite 
grains ;  the  whole  cemented  by  crystalline  calcite.  The  individual  struc- 
ture of  the  calcareous  grains,  is  obliterated  by  the  subse(iuent  crystallization, 
but  these  outlines  are  still  ({uite  clear. 

The  rock  is  i>ermeated  with  the  same  fonn  of  horn-coloured  silicii  seen  in 
the  Sandstone  (No.  4),  and  in  the  "  Cowstone  '*  (No.  1 ).  Besides  minor  lucunoi 
there  is  a  very  considerable  space  where  this  substance  occupies  the  field, 
enclosing  scattered  but  well-defined  grains  of  quartz  and  calcareous  sand. 
Its  crystallization  however  is  much  less  obscure  in  this  slide  than  in  the 
other  cases,  for  with  crossed  Nicols  a  fairly- well-marked  micro-crystalline 
structure  becomes  apparent. 

From  the  above  dfescription  it  is  obvious  that  the  pebble  has  the  same 
structural  characters  as  th<5se  of  the  sandstone  which  occurs  at  a  lower 
horizon,  at  Hooken  Cliif,  and  that  it  is  nmch  more  likely  to  have  been 
derived  from  the  erosion  and  breaking  up  of  such  a  bed  than  from  the 
Portland  limestone,  no  trace  of  which  is  known  to  occur  nearer  than  Port- 
land itself. 


CHAPTER  XXVI. 

SUBTERRANEAN  EXTENSION  OF  THE  GAULT  AND 

UPPER  GREENSAND. 

In  the  preceding  pages  we  have  foUowcd  the  formation  along 
those  tracts  where  it  comes  to  the  surface  and  is  open  to  the 
observation  of  all ;  but  this  is  only  a  small  portion  of  the 
area  which  is  actually  occupied  by  the  Selbomian  strata  and 
a  still  smaller  portion  of  the  area  over  which  they  originally 
extended.  What  may  be  inferred  about  their  former  westward 
extension  will  be  stated  in  a  later  chapter ;  at  present  we  shall 
concern  ourselves  with  what  is  known  about  their  extension 
beneath  the  newer  strata  of  the  London  and  Hampshire  Basins, 
with  a  glance  at  their  further  extension  beneath  the  great  Paris 
Basin.  Such  knowledge  has  of  course  been  obtained  from  the 
deep  borings  which  have  been  made  from  time  to  time  through 
the  chalk  in  seiirch  either  of  water  or  of  coal. 

1.    London  Basin  and  Eastern  Counties. 

In  the  Eastern  Counties,  between  the  ridge  of  the  North  Downs 
and  the  northern  coast  of  Norfolk  no  fewer  than  seventeen 
borings  have  been  made,  which  have  traversed  the  whole  or  the 
greater  part  of  the  Gault.  Of  the  beds  proved  by  these  borings 
some  accoimt  will  be  given,  in  order  to  indicate  the  changes 
of  thickness  and  of  lithic  character  which  the  formation  exhibits 
in  the  area  where  it  is  concealed  from  view. 

It  will  be  convenient  to  commence  with  the  southern  part  ot 
the  London  Basin,  and  to  take  the  most  westerly  boring  first. 
This  is  a  boring  made  at  New  Lodge,  Winkfield,  about  3^  miles 
W.S.W.  of  Windsor  Castle,  and  the  following  particulars  about 
the  Greensand  and  Gault  at  this  spot  are  Uiken  from  the 
description  published  by  Mr.  Wliitaker  and  myself  * 

The  beds  classed  as  Upper  Greensand  have  a  thickness  ot 
31  feet.  They  were  enterea  at  the  depth  of  939  feet.  Specimens 
down  to  943  feet  consisted  of  grey  sandy  marl  full  of  quartz  and 
glauconite  grains.  A  sample  from  956  feet  was  a  calcareous 
malmstone  or  "  hearthstone " ;  samples  from  960  and  968  were 
similar,  but  had  less  calcareous  matter. 

Below  970  the  rock  passed  into  marl,  and  stiff,  light-ffrey  marls 
continued  to  1,056  feet ;  below  this  the  material  was  darker  and 
softer;  Avimonitesaple'ndens occurred  at  1,170,  and  Inoceranius 
sitlcatus  at  1,170  and  1,179,  whence  we  may  conclude  that  the 
Upper  Gault  goes  down  to  1,180  feet  at  least.  Phosphatic  nodules 
occurred  at  1,171  feet. 

*  Quart.  Journ.  Geol.  See.  vol.  L,  p.  488 
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Lower  Gault  clays  of  the  usual  type  were  found  clown  to  1,230 
feet ;  then  came  (lark-green  and  brown  sandy  clay  with  a  layer 
of  phosphatic  nodules  at  the  base,  and  at  1,235  feet  the  bonng 
entered  tine,  sharp,  light-brown  sand  (Lower  Greensand). 

The  above  details  may  be  summarised  as  follows : — 


Green  sandy  marls 
Hearthstone  and  fire  Uone 
lJpi»er  Gault  marls 
Lower  Gault  clays 
Sandy  clay  with  nodule  bed  - 


about 


?i 


*i 


>> 


» 


Thickness 

Depth. 

Feet. 

Feet. 

10 

949 

21 

970 

210 

1,180 

50 

1,2:J0 

4 

1,234 

295 

It  will  bo  seen  that  the  total  thickness  amounts  to  nearly  800 
feet.  The  arenaceous  beds  are  rather  thinner  than  in  the  Surrey 
outcrop  between  Guildford  and  Reigate,  and  the  argillaceous 
part  is  probably  thicker,  but  the  general  succession  is  just  the 
same. 

Another  boring  was  made  at  Richmond,  about  17  miles  east 
f)f  Windsor,  and  has  been  described  by  Prof.  Judd.^ 

From  his  account  we  learn  that  at  the  depth  of  924  feet  the 
})oring  entered  a  ilrestone  rock  similar  to  that  of  Godstone  and 
Mcrstham,  No  mention  is  made  of  any  soft  sandy  marl  above 
this  iirestone,  probiibly  because  no  samples  of  tlie  beds  im- 
mediately overlying  it  were  examined,  for  it  is  not  likely  that 
Chalk  Marl  wx)uld  rest  directly  on  Firestone.  The  latter  was 
found  to  be  16  feet  thick  and  to  consist  of  two  beds  of  hard 
sandy  rock,  conttiining  respectively  14*5  and  12*5  of  calcium 
carbonate,  and  having  between  tnem  6  feet  of  softer  marly 
sandstone,  which  contains  nearly  20  per  cent,  of  the  carbonate. 

The  Gault  Marls  commenced  at  940  feet  and  yielded  the 
following  fossils — Fenfacrinus  Fittoiii,  Inoce'iumas  con<ientrhus, 
Htftaites  arnuttas  ({)4}0  feot),  Avinwn ites  Boucliardiamia  (1,059 
.  feet).  Am.  rosiratu.s?  (1,062  feet).  They  may  be  estimated  at 
probably  150  feet  thick,  though  no  certain  indication  of  change 
from  Upper  to  Lower  Gault  was  observed.  A  sample  from  1,026 
feet  was  found  to  contain  33  per  cent,  of  calcium  carbonate. 

The  Lower  portion  of  the  feraiilt  was  dark  blue  aixtl  contained 
nodules  of  iron  pyrites  and  of  argillaceous  ironstone.  Ammonites 
sfUndens  occurred  at  1,100^  and  1,128  feet  and  Ancylocenis 
spinigeriim  at  1,104  feet.  The  lowest  bed  contains  mucn  sand, 
and  has  a  basement  layer  of  phosphatic  nodules  and  small  pebbles, 
resting  on  a  limestone  which  is  probably  of  lower  Cretaceous  age 


^  Quart.  Journ.  Geol.  Soc,  vol.  xl.,  p.  736. 

*^  Dr.  J.  W.  (Gregory  lias  pointed  out  that  the  iVinmonite  from  1,100  feet 
is  Am.  spltnidenSy  not  Am.  in(enmj)tus}3ir'i  tirst  stated.  See  Geol.  Mag.,  Dec  4, 
vol.  ii.  p.  101. 
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The  succossion  may  be  summarised  as  follows : 


Thickness. 

Depth. 

Firestone  and  Hearthstone    - 

Upper  Gault  marls 

Ijower  Gault  clays 

Basement  Sandy  Clay  and  Nodule  Bed 

-    alx)ut 

Feet. 

IG 

150 

50 

Feet. 

940 
1,090 
1,140 
l,14lj 

2174 

The  next  boring  to  bo  noticed  is  that  at  Meux's  Brewery  at 
the  southern  end  of  Tottenham  Court  Road,  London.  Accounts 
of  this  have  been  published  by  Sir  Joseph  Prestwich,^  and  by  Mr. 
Whitaker.*^  From  these  we  learn  that  tlie  Selbomian  was  entered 
at  a  depth  of  812  feet,  and  that  the  succession  was  as  follows : — 


Light  grey  micaceous  sandstones,  some  soft  and 
some  hard  (firestone)  with  green  and  grey  sand 
below       -        -        - 

Bluish  grey  marly  clay  with  some  layers  of 
phospnatic  nodules  and  a  hard  grey  stone  bed 
at  914  feet        .-----. 

No  description  of  Lower  Gault  given 

Greensand  and  clay  with  a  layer  of  phosphatic 
nodules  and  pebbles  at  the  base,  resting  on 
rocks  of  Jurassic  age 


It  will  be  seen  on  comparing  these  three  borings  that  in  passing 
from  west  to  east,  the  formation  overlaps  the  Lower  Greensand 
on  to  Jurassic  rocks,  at  the  same  time  losing  over  100  feet  of 
thickness,  thinning  from  295  to  188  feet.  The  boring  at  Crossness, 
near  Erith,  about  12  miles  to  the  eastward  of  the  last,  shows 
little  if  any  further  diminution  in  that  distance,  for  the  thickness 
of  Gault  there  traversed  is  stated  to  be  175  feet,  and  there  may 
be  10  or  12  feet  of  green  sandy  marl  above  it,  but  this  is 
im(jertain.  Heio  the  Oault  rests  on  red  rocks  of  Devonian  or 
Triassic  ago. 


*  Quart.  Joum.  Geol.  Soc.,  vol.  xxxiv.,  p.  902  (1878). 

^  The  Geology  of  London.    Mem.  Geol.  Survey,  vol.  ii.,  p.  166  (1889). 
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To  the  east  and  north-oast  this  thinning  probably  continues, 
but  to  the  south-east  the  beds  thicken  towards  the  outcrop  in 
Kent.  Thus  borings  at  and  near  Chatham  have  proved  the 
Gault  there  to  be  from  192  to  196  foot  with  Lower  Greensand 
below  it. 

We  may  next  take  a  series  of  borings  in  a  direction  north  of 
London.  The  first  of  these  is  one  made  in  1855  on  the  road 
h'om  Kentish  Towti  to  Highgate.  This  appears  to  have  reached 
Greensand  at  a  depth  of  909^  feet,  thoutjh  no  definite  base  of  the 
Chalk  lias  been  recorded.  The  succession  of  the  beds  as  given 
by  Prostwich^  is  as  follows : — 


Dark  green  sand  mixed  with  ^ey  clay     - 
Bluish  grey,  slightly  sandy,  micaceous  clay 

Do.       with  two  layers  of  clayey  ^ensand 

Micaceous  blue  clay  with  a  layer  of  imosphatic 

nodules  at  the  base 


1 

1 

;  Thickness. 

1 
1 

Dei)th. 

Feet.    in. 
13   9 
39   0 
6   7 

'          1 
,   84  11 

Feet.   in. 

983  0 
1022  0 
1028   7 

1113   G 

144   3 

The  underlying  beds  are  of  doubtful  age,  but  some  of  them 
may  be  Triassic.  No  fossils  were  actually  brought  up  from  the 
Gault,  but  Avivionites  rostrataSy  Am.  cristatiLs,  and  several 
small  Belemnites  (?  minirmis)  came  up  with  material  from  lower 
beds,  and  must  have  fallen  down  from  the  sides  of  the  borehole. 
The  small  thickness  of  Gault  here  is  particularly  noteworthy. 

A  boring  at  Loughton  Railway  Station,  aliout  eleven  miles 
N.E.  of  Kentish  Town,  was  made  m  1874-6,  but  httle  informa- 
tion exists  concerning  it.  The  Greensand  is  believed  to  have 
been  entered  at  894  feet  and  to  be  30  feet  thick,^  below  this  the 
boring  was  carried  through  grey  marl  and  clay  to  a  depth  of  1,100 
teet,  when  water  was  found  and  the  boring  stopped.  It  is  fairly 
certain  that  the  base  of  the  Gault  was  reached  at  this  depth,  and 
that  the  thickness  of  the  combined  G^ult  and  Greensand  is  206 
feet,  a  great  increase  on  the  last 

In  1878-9  a  boring  was  made  for  the  New  River  Company 
near  Cheshunt,  which  is  five  miles  N.W.  of  Loughton  and  a^ut 
11  from  from  Kentish  Town.  From  the  latest  and  most  complete 
account  of  this  the  following  particulars  are  taken* :  the  Upper 
Greensand  was  entered  at  a  depth  of  783  feet  and  arenaceous 
beds  continued  for  more  than  40  feet.    The  samples  preserved 


*  Quart.  Journ.  Geol.  Soc.,  vol.  xii.,  p.  G. 

'  According  to  Mr.  Tille/s  account    See  Geology  of  London,  Mem.  GeoL 
Survey,  by  W.  Whitaker,  vol.  ii.,  p.  26. 

•  Quart.  Journ.  GeoL  Soc.,  vol.  i.,  p.  608. 
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Qreensaud 
about 
44  feet 


Gault 
about 
155  feet 


at  784  feet. 

„  /90  „ 
„  800  „ 
„  808  „ 
„  850  „ 
from  811  to 

814  ft. 

at  816  and  818  ft. 
„  819  feet 

„  825  „ 

„  836  and  840  ft. 
„  844  feet 

„  850  „ 
from  860  to 

914  ft 

at  the  office  of  the  company  fiimish  us   with   the  following 
succession  of  beds  in  descending  order : — 

fOrey  sandy  ^lauconitic  marl   - 
Soft  glauconitic  and  micaceous  sand 
Hard  grey  siliceo-calcareous  rock  - 
Fine  grey  micaceous  sand 
Compact  grey  calcareous  sandstone 
\  Fine  grey  micaceous  sand 
Grey  sandy  limestone,  >^ith  some 

glauconite    -        -        - 
Grey  sandy  glauconitic  marl   - 
Calcareous    sandstone,   with   large 

grains  of  glauconite 

f  Dark  grey  silty  and  somewhat  marly 
clay 

Clean  smooth  unctuous  clay    - 

Somewhat  silty  grey  clay 

Clean  homogeneous  ^y  clays 

Hard    grey  clay   with    phosphatic 
nodules  and  Iiwc^rnmiui  coiwen- 
j     tmciis at    925  feet 

Compact  grey  clays  -        -        -        -  from  928  to  980  ft. 
I  Dark  sand  with  a  layer  of  phosphatic 
V    nodules  and  broken  BelemniUs    -    at    981 1  feet 

The  Gault  rests  directly  on  Devonian  rocks.  The  total 
thickness  of  the  formation  is  199  feet ;  there  is  no  indication  of 
the  thickness  of  Lower  Gault,  but  it  is  probable  that  all  below 
925  feet  belongs  to  that  division. 

Another  boring  was  made  about  the  same  time  as  the  last 
(1877-9)  at  Ware,  which  is  about  8  miles  north  of  Cheshunt.  Of 
this  also  the  New  River  Water  Company  fortunately  kept 
a  series  of  samples  which  enabled  Mr.  Wnitaker  and  myself 
to  give  a  fairly  complete  account  of  the  beds  which  were 
traversed.^  The  Greensand  appears  to  have  been  reached  at 
a  depth  of  590  feet,  and  its  thickness  is  nearly  the  same  as  at 
Cheshunt,  ?'.^.,  about  40  feet,  while  the  clays  below  were  166i 
feet,  making  a  total  of  206  J  feet.  The  succession  may  be  stated 
as  follows : — 


Depth. 


,      ^  r  Soft  grey  marly  sandstone       -       -        - 

g '«  8  J  Fine-grained  siliceous  rocks  resembling  malm- 

2  I Q  I      ^^^® 

O     ^  \  Calcareous  sandstone  and  malmstone 

^    }  Grey  silty  clays 

^  35      Dark  grey  marly  clays 

§  X  (  Dark  grey  compact  clays 

0§  Dark  green  sand  with  minute  fragments  of 

^    [     Palaeozoic  rocks 


Feet 
613 

621 
630 
660 
725 
796 


The  Gault  here  rests  on  a  limestone  of  Wenlock  age. 


1980. 


See  Quart.  Joum.  Geol  Soc.,  vol.  1.  p.  501. 
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A  deep  boring  was  made  in  1836,  at  Saffron  Walden  (Suffolk), 
about  18  miles  N.N.E.  of  Ware,  but  no  reliable  information 
exists  concerning  it.  It  is  said  to  have  been  carried  to  a  depth 
of  1,004  feet ;  the  Chalk  is  said  to  have  been  about  500  feet  thick  ; 
according  to  Dr.  J.  Mitchell  *  the  soil  appears  to  have  varied 
but  little  for  the  last  700  feet,"  and  the  lower  part  was  entireh' 
in  blue  clay.  In  the  li^ht  of  sul>sequent  borings  to  the  north, 
east  and  south  of  this  place,  these  statements  are  so  improbable 
that  I  can  only  suppose  either  that  the  total  depth  was  greatly 
overstated,  or  that  Avith  the  rude  appliances  then  used,  the 
boring  pursued  a  curved  and  possibly  serpentine  course  and 
never  really  reached  the  l)ottom  of  the  Gault,  which  would 
probably  lie  between  GOO  and  625  feet  below  Saffron  Walden. 

Another  boring,  made  at  Combs  near  Sto^vmarket  in  1855, 
pierced  the  Chalk  at  a  depth  874  feet  and  traversed  21  feet 
of  the  Selbornian  described  in  one  account  as  Grault  and  Green- 
sand  "  alternating,"  this  boring  was  stopped  at  895  feet. 

In  1890  a  boring  was  made  at  Cultord  Park,  near  Bury 
St.  Edmunds,  and  reached  the  Paheozoic  floor  at  the  surprisingly 
small  depth  of  637J  feet.  The  base  of  the  Chalk  was  not 
noted  by  the  foreman  in  charge  of  the  work,  and  very  few 
samples  were  kept,  but  from  the  available  data  it  is  believed 
that  Gault  immediately  underlies  the  Chalk  Marl  and  has 
a  thickness  of  73  feet,  its  base  being  probably  at  605  feet 
Below  this  came  32i  feet  of  grey  sand  and  grey  sandy  limestone, 
apparently  of  Lower  Cretaceous  age. 

From  this  boring  it  is  evident  that  the  PalaK)zoic  platform 
continues  northward  beneath  the  Gault,  and  rises  to  a  still 
higher  level.  Further  it  woidd  appear  that  its  western  slope 
is  steep  and  that  the  Jurassic  rocks  of  Cambridgeshire  thin  out 
eastward  against  it,  allowing  only  thin  representatives  of 
the  Lower  Greensixnd  and  of  the  Gault  to  pass  over  the  more 
elevated  parts  of  the  surface  formed  by  the  Palaeozoic  rocks. 

This  surface  seems  to  have  been  of  the  nature  of 
a  plateau  or  table-land,  or  it  may  have  been  planed  down  by  the 
waves  as  it  sank  beneath  the  Grault  sea;  for  other  borings 
further  east  than  those  which  have  been  mentioned  prove 
that  the  Guult  clavs  spread  eastward  to  and  beyond  the  present 
border  of  Englan<£  Thus,  two  borings  have  been  made  in  the 
extreme  north-east  of  Essex,  at  Weeley  and  Harwich ;  another  at 
Stutton,  south  of  Ips\vich,  and  one  at  Norwich,  all  of  which 
proved  the  existence  of  Gault  beneath  the  Chalk,  and  the 
three  former  piercing  the  Gault  found  Paheozoic  rocks 
underneath.  Tne  bormgs  at  Stutton  and  Weeley  were  made 
in  1896  and  1897,  and  no  full  account  of  them  has  yet  been 
published,  but  samples  from  both  were  sent  to  me  fbr 
examination  by  Mr.  WTiitaker,  who  will  probably  publish 
the  fiill  particulars,  and  meantime  assents  to  my  printing 
such  notes  as  arc  in  my  possession. 

At  Stutton  the  sauvple  brought  up  fix)m  the  depth  of  940  J  feet 
has  the  ap^^earance  of  being  the  base  of  the  Chalk,  in  which  case 
we  might  expect  the  Gault  would  begin  at  941  feet,  but  for  the 
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next  three  feet  the  matorial  seems  to  be  a  dark  green  glauconitic 
marl  which  may  belong  to  the  sub-zone  Stauronevia  Carteriy 
while  the  sample  from  944J  feet  is  certainly  Gault.  Admitting 
the  doubt,  I  shall  assume  that  Gault  begins  at  944  feet,  and  as 
there  is  a  sample  of  dark  giey  clay  marked  994,  the  base  may  be 
put  at  995  feet  below  which  there  is  hard  Palfeozoic  rock. 
From  samples  examined  the  succession  seems  to  be  as  follows, 
.  but  the  actual  thicknesses  of  the  several  parts  are  uncertain : — 


Thickness.'      Depth. 
Feet.  Feet. 


4  950 

15  965 


Grey  marly  clay  with  glauconite  grains  and  , 

patches  of  glauconitic  sand        -        -        about  2  946 

Grey  marly  clay  with  PlicatuUi  jtectinouhs 
Light  gi-ey  fine  silty  marl    -        -        - 
Hard  grey  marly  clay,  with  patches  of  glau 

conitic  clay  and  some  phosphatic  nodules     „  5  970 

Light  grey  marly  clay "       \      lo  qro 

Compact  grey  marlv  clay     -        -        -        -    .,       / 

Heavy  dark  grey  clay „      ,         15  995 


About 


51 


At  Weeley,  which  is  about  8  miles  south  of  Stutton,  the  base 
of  the  Chalk  occurs  between  1,018  and  1,019  feet,  and  the  base 
of  the  Gault  at  about  1,094,  so  that  here  there  seems  to  be  a 
greater  thickness  of  Gault,  namely,  76  feet. 

The  boring  at  Harwich,  which  lies  about  7  miles  eastward  of 
Stutton,  was  made  in  1854-7,  and  described  by  PrestwicL^ 
The  beds  found  between  the  base  of  the  Chalk  and  the  floor  of 
Palaeozoic  rocks  are  stated  to  have  been  as  follows : — 

Feet, 

Greensand  and  GJault ^^  \f5l 

Gault  without  Greensand 39  J 

The  Gault  rested  on  black  slaty  rock  at  the  depth  of  1,025 
feet.     By  "  Greensand  and  Gault "  is,  doubtless,  meant  a  set  of 

flauconitic  and  silty  clays  like  those  proved  to  exist  at  Stutton, 
ut  as  the  total  thickness  of  Gault  comes  out  10  feet  greater 
than  at  the  more  western  locality,  it  is  possible  that  some  of 
this  "  greensand  and  gault "  belongs  to  tne  glauconitic  base  of 
the  Chalk  Marl. 

Of  the  boring  at  Norwich  various  accounts  have  been  given, 
but  the  most  dependable  is  that  by  Mr.  W.  Whitaker. 
compiled  from  a  drawing  and  specimens  preserved  by  Messrs. 
Colman,  on  whose  premises  the  boring  was  made.  These  showed 
that  the  base  of  Chalk  lay  not  far  from  and  probably  at  1,158 
feet ;  below  this  Gault,  probably  glauconitic  in  the  upper  part, 
wjis  traversed  for  38  feet  without  reaching  the  base  oi  it.*      As 


*  Quart.  Joum.  Geol.  Soc.,  vol.  xiv.  p.  250. 

'^  Proc-  Norwich  Geol.  Soc.,  vol.  i.  p.  250 ;  and  H.  B.  Woodward,  Geol. 
Norwich  (Geol.  Survey),  pp.  7, 163. 
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the  thickness  of  the  Gault  at  its  outcrop  west  of  Nor\fich 
is  only  60  feet,  it  is  probable  that  a  few  feet  more  of  boring 
would  have  reached  the  Paheozoic  floor,  or  possibly  the  Lower 
Greensand. 

From  the  accounts  given  above  of  the  deep  borings  which 
have  been  made  in  the  east  of  England  we  learn  several  important 
fiwjts.  One  quite  unexpected  fact  is  that  true  Upper  Greensand 
with  characters  similar  to  those  of  the  Malmstones  and  Firestones 
of  Surrey,  Berkshire  and  Oxfordshire  extends  northwestward  to 
and  presumably  some  distance  beyond  Ware.  The  main  outcrop 
of  such  rocks  does  not  extend  beyond  the  neighbourhood  of 
Princes  Risboroiigh  in  Bucks,  which  is  about  six  miles  south  of 
the  latitude  of  Ware.  To  the  north  and  north-east  of  Ware 
those  arcnjiceous  beds  thin  out,  while  the  upper  part  of  the  Gault 
becomes  silty  and  glauconitic,  so  that  in  the  accounts  of  some 
borings  it  has  been  called  "  Greensand  "  or  a  "  mixture  of  Gault 
and  Greensand." 

With  respect  to  variations  in  thickness  of  the  formalion  as  a 
whole  we  have  seen  that  between  Windsor  and  London  it  thins 
continuously  eastward.  Similarly  on  an  cast  and  west  line 
through  Ware  from  the  outcrop  near  Tring  to  Weelejr  and 
Harwich  in  the  east  of  Essex  there  is  also  a  great  diminution  of 
thickness,  from  230  feet  near  Tring  to  20G  at  Ware,  and  finally 
to  between  50  and  "GO  at  Harwich.  Fig.  83  is  a  section  along 
this  line  to  show  this  easterly  thinning  as  well  as  the  manner  in 
which  the  Jurassic  strata  are  supposed  to  thin  out  against  the 
western  slope  of  the  old  Palaeozoic  land,  and  the  surface  of  erosion 
formed  by  the  waves  of  the  Gault  sea  across  the  Jurassic  and  the 
Palffiozoic  rocks  as  the  ancient  land  surface  sank  beneath  them. 

It  is  evident  from  this  section  that  if  the  rate  of  thinning  were 
continued  as  between  Ware  and  Harwich,  a  distance  of  about 
60  miles,  the  Gault  would  thin  out  entirely  in  another  20  miles 
beneath  the  North  Sea.  Whether  it  actually  does  so  we  have 
no  means  of  knowing  at  present,  but  a  boring  at  Ostend, 
in  Belgium,  proved  that  the  chalk  there  rested  directly  on  the 
Palaeozoic  rocks,  so  that  it  is  certain  the  Gault  does  thin  out 
somewhere  to  the  east  of  England,  and  is  overlapped  by  the  Chalk. 

Tiuning  next  to  the  evidence  of  change  in  a  northerly  direction 
we  find  the  thicknesses  are  more  irregiuar.  From  a  thickness  of 
188  feet  under  London  (Oxford  Street)  the  formation  thins 
rapidly  to  144  feet  at  Kentish  Town,  and  then  increases  to  206 
feet  at  Loughton,  between  which  place  and  Ware  the  thickness 
does  not  seem  to  vary  much.  These  facts  suggest  the  inference 
that  this  portion  of  the  sea-floor  rose  into  an  east  and  west  ridge 
below  Kentish  Town,  that  the  Jurassic  rocks  thinned  out  against 
the  southern  border  of  the  ridge,  and  that  though  it  sank  beneath 
the  sea  of  the  Gault,  less  of  that  material  was  deposited  on  the 
ridge  than  in  the  presumably  deeper  water  to  the  north  of  it. 

Between  Ware  and  Culford  we  have  at  present  no  evidence, 
but  in  this  distance  of  47  miles  the  Gault  diminishes  from  206 
to  about  73  feet,  and  the  floor  on  which  it  rests  comes  up  to 
within  638  feet  of  the  surface.    There  is,  however,  no  reason  to 


LONDON  BASIM. 


2li 


S   illi 

"4      ?  I- 1,  * 
■g      ^  I.®— 


376 


CRETACEOUS  ROCKS  OF  BRlTAlK. 


suppose  that  this  is  due  to  a  local  and  abnormal  rise  of  the  floor, 
since  a  similar  thinning  takes  place  alonff  the  outcrop.  The  rise 
of  the  floor  is  probably  concomitant  with  the  rise  of  the  Cretaceous 
and  Tertiary  iJeds  from  the  sjucline  of  the  London  Basin. 


2.  Hampshire  Basin. 

This  is  a  much  smaller  area  than  the  London  Basin,  but  is 
also  a  much  deeper  trough,  and  very  few  borings  within  its  limits 
have  been  carried  deej)  enough  to  reach  the  Gault.  The  only 
one  which  has  passed  completely  through  it  is  that  at  Rotting- 
dean,  near  Brighton. 

There  is,  however,  no  reason  to  doubt  that  the  Gault  and 
Upper  Greensand  arc  perfectly  continuous  beneath  the  whole  of 
the  basin  from  West  Dorset  to  Sussex,  and  from  the  Isle  of 
Wight  to  the  inlying  tracts  of  Shalboum  and  Kingsclere  in 
the  north.  It  will  be  useful,  however,  to  point  out  some  of  the 
changes  that  nuist  tjike  place  as  the  beds  pass  southward  and 
westward. 

We  have  already  mentioned  the  change  that  takes  place  in 
the  northern  mrt  of  the  basin  as  the  beos  are  traced  from  the 
neighbourhood  of  Famham  through  Kingsclere  to  the  Vale  of 
Pewsey  (see  pages  93  and  113).  In  passing  beneath  the  eastern 
part  of  the  oasin,  from  near  Petersfield  to  the  eastern  end  of 
the  Isle  of  Wight,  there  is  less  change;  the  succession  near 
Peterstield  of  greenish  sand,  malmstone,  sandy  marl  and  gaiUt 
clay  is  not  unlike  that  of  greensand,  grey  marly  sandstone, 
sandy  clay  and  gault  between  Culver  and  Redcliffe. 

In  respect  of  thickness  the  chief  point  to  be  noticed  is  the 
^eat  diminution  which  takes  place  beneath  the  whole  basin 
from  west  to  east.  Thus  between  Selbome  and  Shaftesbury, 
a  distimce  of  about  53  miles,  the  formation  as  a  whole  thins 
from  about  280  to  150  feet,  a  loss  of  130  feet  Taking  the  line 
of  the  south  coast  from  Brighton  to  Ringstead  Bay  we  find  it 
thins  from  312  feet  to.  about  165  feet,  showing  a  loss  of  147. 
The  irregularities  of  thickness  in  the  Isle  of  Wight  and  in 
Dorset,  however,  show  us  that  we  must  not  assume  that 
this  diminution  is  gradual  and  continuous.  There  are,  in  feet, 
two  points  of  local  attenuation  alon^  this  line,  one  is  in 
Compton  Bay  (Isle  of  Wight),  the  other  is  at  Man  of  War 
Cove,  Dorset;  and,  curiously  enough,  the  estimated  thickness 
of  the  combined  Gault  and  Greensand  is  just  the  same, 
namely,  132  feet.  The  variations  along  this  line,  so  fer  as 
we  at  present  know  them,  are  consequently  as  follows: — 


Ringstead. 


Man  of 
War  Cove. 


WarUarrow. 


Swanage. 


Compton 
Bay. 


Culver. 


Brighton. 


165 


132 


167 


1&6 


132 


198 


312 
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The  variations  in  the  relative  thickness  of  the  argillaceous 
and  arenaceous  parts  of  the  formation  are  of  comparatively 
little  importance,  beyond  the  fact  that"  the  clays  of  the 
eastern  part  of  the  region  are  gradually  replaced  by  silts 
and  sanas  in  the  western  part. 

The  Chalk  of  the  Hampshire  Basin  extends  south-eastward 
beneath  the  English  Channel  to  the  coast  of  France,  between 
Dieppe  and  Bomogne.  It  is  believed  that  the  anticlinal  axis 
of  the  Pays  de  Bray  in  France,  is  part  of  the  same  line  of 
flexure  as  that  which  traverses  the  Isle  of  Wight,  and  it 
is  probable  that  from  the  eastern  end  of  the  Wight  the 
submarine  outcrop  of  the  Selbornian  sands  and  clays  pjisscs  in 
a  south-easterly  direction  towards  Dieppe,  and  then  curves 
southward  to  Fecamp,  where  it  is  faulted  down  to  the  west, 
but  rises  again  to  the  shore  at  St.  Jouin  near  Havre.  A 
recent  boring  at  Dieppe  has  proved  the  base  of  the  Chalk, 
to  be  there  519  feet  from  the  surface,  and  about  180  feet  below 
the  level  of  the  sea.  The  particulars  of  this  boring  are  given 
on  p.  398. 


CHAPTER  XXVII. 

GAULT  AND  UPPER  GREENSAND  IN  NORTHERN 

FRANCE. 

1.  Eastern  Border  of  the  Paris  Basin. 

Boidonnals  and  Pas  d^.  Calais. — In  crossing  the  Channel 
from  Folkestone  to  Wissant  the  Gault  thins  from  over  100  feet 
to  only  42  feet,  but  in  this  smaller  thickness  a  similar  succession 
of  beds  is  exhibited.  It  is  divisible  into  Lower  and  Upper 
Grault,  but  the  idea  of  detaching  the  Upper  Gault  from  the 
Albian  and  attaching  it  to  the  Cenomanian  seems  to  us  contrary 
both  to  stratigraphical  and  palajontological  evidence.  The 
following  description  is  taken  from  Dr.  Barrois'  papers.^  Arranged 
in  descending  order  the  section  is  briefly  this : — 

Feet  in, 
3.  Grey  marly  clay,  with  Tnoceramics  sMlcatim^  Ammo- 
nites ro8t)utuSj  and  other  fossils    -        -        -        -    23    4 

2.  Darkish  blue-grey  clay,   with    Am,  auritivs.  Am 
inUinniptus,  dtc.,  and  a  layer  of  phosphatic  nodules 
and  lumps  of  pyrites  at  the  base   -        -        -        -    1 6    8 

1.  Quartz  sand  with  green  grains,  sometimes  a  sand- 
stone ;  Am.  1/uimtnilfntitJt,  Inoc.  Sali/f/ioni,  and 
many  phosphatic  nodules  and  casts       -        -        -      2    0 

42    0 


No.  1  is  clearly  the  equivalent  of  the  Simd  with  Am.  nunnmil' 
latas  at  Folkestone.  No.  2  represents  the  beds  which  Mr.  Price 
numbered  as  I.  to  VII. ;  it  is  not  Ukely  that  so  many  horizons 
could  be  distinguished  at  Wissant,  but  the  range  of  the  fossils  in  • 
this  subdivision  has  not  yet  been  ascertained.  Thpse  two  beds, 
1  and  2,  form  the  Lower  Gault,  and  No.  3  is  the  Upper  Gault. 
The  following  is  a  list  of  the  fossils  which  have  been  obtained 
from  each  division  by  Dr.  Barrois  and  Mr.  F.  G.  H.  Price.^ 


*  Sur  le  Gault  dans  le  bassin  de  Paris,  Ann.  8oc.  Geol.  Nord,  T.  ii.,  p.  1 
(1875) ;  Terrain  Cr<$tace  des  Ardennes ;  Op.  Cit.,  T.  v.,  p.  227  (1878), 
and  Proc.  Geol.  Assoc.,  Vol.  vi.,  p.  27  (1879). 

*  Mr.  Price  sent  J.  GriflSths  of  Folkestone  to  collect  from  the  Gault  of 
Wissant  for  him  in  1878,  and  his  list  from  the  Upper  Gault  is  the  only  one 
yet  published. 
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List  of  Fossils  fkom  the  Gault  of  Wissant. 


Chinuera  Bouehardi,  .S'i«w.  - 

Lamna  appt^ndiciUata,  A'j.  - 

„      Bouchardi,  Saui).     • 

„      niacroi'hiza,  Cojie 

„      subinflata.  At/. 

Scaimiuirliyndis  mpliiodun,  ^£/. 


Ce/Aalojiuda. 

Belemnltes  attonuatiii^  '^'""'< 
,,  jninimus,  Litt.  - 

Nautilus  bouchardianus,  dOrh. 

„       clenientiuuH,  ctOHi. 
Ammonites  auritus,  .SVne.     - 
„  Beudanti,  Brontj. 

„  ccclonotus,  Seeley 

„  eristatua,  de  Luc 

„  Delaraei,  (f  Or6. 

„  denarius.  Sow.  - 

„  fls,sico«tatuM,  (FOt-b. 

„         interruptus,  Bivff. 
„  latidoraatuB,  ^ich. 

„  tautuB,  Sow. 

„  niamniillatus,>yM/ot/( 

„  Mantelli,  Soiir.  - 

„  rauIinianutL  (TOrb. 

„         rostratus,  SoiB.  ■ 
„  siileiidens,  AW. 

„  tuberculatum,  Sow. 

„  varicOBUB,  Soui.  - 

Ancyloceiiw  Hpinigev,  Sow.  - 
Haniitett  attenuatus,  Sow.  - 
„  Ixiuchardianus,  iCOrl'. 
„  elegans,  iVOrh. 
„  HexuoHUtf,  tfOj-d.  - 
„  intennediUH,  .S'w.  • 
„        virgulatuH,  vtOrh.  - 


Giuteivjioda. 

Actson  vibrayeana,  'VOrh.  - 

AporrhaiR  canuata,  Mant.  - 

„  costata,  Mick.      - 

„         elongata,  tiow.     - 

„  I'arkinsoni,  Mnnt. 

„  reluso,  Sow. 

Avellana  iiiHata,  iTOrh. 

Bellerophina  minuta,  Sii»e.  • 

Baccinum  gaultinuni,  cEOrb. 


one  of         Zone  of 
Am.  Am. 

mammillatus.    interraptuH.  I  rostratus. 
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List  of  Fossils  from  the  Gault  of  Wissant — cont. 


Zone  of  Zinie  of 

Am.  Am. 

!  mamiHillatu».  .  iiit«rni|)tuit. 


0»M(«-ap«itt— cont. 
Cerithium  ornatisHimimi,  Desh. 

„         triinonile,  Mirk.  ■ 
Dentatiuni  decuwatum,  Sok. 
FuHiw  iSmithii,  Sow.    - 
Natica  gftnltiim,(/'Oc6.(=N.(3enti) 
„      Clementina,  (TOrL    - 
„      excavata,  jfiek. 
Plourotoinaria  gaultina,  itOrh. 
Scalaria  dupiniana,  <rOib.  - 

.,     Raultina,  itOrl/.  - 
Solarium  firrhoide,  irOti:  - 
„        dentatnni,  itOi-l-  - 
„        moniliferuni,  Midi. 
„        ornatum,  Sow. 
TrocnuH  conoideuB,  .SW.  (=  1 
larium)     .        .        .        - 


Lit  mdlUira  nrhiii  Ui . 

Area  (Cueulliea)  carinata.  Sow. 
„  „  glabra,  I'aik. 

Oardita  (Jonstanti,  iVOi-O.     - 

„       tenuicosta,  Sow. 
Corlmla  ele^iiH,  iSW.  - 
„       Mocialis,  iPOrli. 
CnMMatvlla  inomala,  iTOrli.  - 
Cypriiia  cordiformis,  iVOrlt.  - 
„        ervyenais,  ifOrii.    - 
,,        regularis,  iVOrb. 
Inoceramiis  concentricuB,  Park. 
„  Salomoni,  iVOrb. 

„  Bulcatiia,  Park.  - 

Leda  Miiriie,  dOrb.     - 

„  «.ie«,  .row.. 

„    subrecnrva,  Fhil. 

„    vibrayeana,  ifOj'6. 
Lima  pareUeta,  aOrli.  (non  Sow.) 
Mytilus  Cuvieri,  Afatk. 
Nucula  albeoiuis  iFOrb. 

„       bivirgata,  Sine. 

„       capsefonuis,  Mirk.  • 

„        ovataj  Mnnt.   - 

„       (iriiatissima,  iVOrb.  - 

„       pectinata,  .Vow. 
Ostrca  arduennensift,  iTOrh. 
Plouroniya  plicata,  Sow. 
Pecten  orbicularis.  Sow. 

„      rajlinianns,  <fOvb.  - 
Plicatula  radiola,  I^im. 

„        pectinoides,  .Sec.  - 
Teredo  ar^ontiensia,  ihtv.    ■ 
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List  of  Fossils  from  the  Gault  of  Wissant — cont 


La  mcllihraiw.hinta  — cout. 


Teredo  sp.  - 
Theti«  Sowerbyi,  Romi, 
Thracia  simplex,  cCOrb, 
Trigonia  caudata,  Ag.  - 
„  Fittoni,  De»h, 
Venus  vibrayeana,  (VOrb. 


Zone  of 

Am. 

mammillatuH. 


X 
X 
X 


Zone  of 

Am. 

intcrruptus. 


X 


Zone  of 

Am. 
rostratus. 


Binchiopodn, 

Rhynchonella  gihbsiana,  Smo. 

„  cantabrigensia,  Z>rt'»'.    • 

Terebratula  biplicata,  Sow.  - 

„        moutoniana,  d^Orh. 


Echinodermata,  <tc. 

Cidaris  gaultina^  Forbes 
Hemiaster  astenas,  Fm-f^es  - 
Serpvda  articulata,  Sow, 


Ci'^istacea, 

Necrocarcinns  Bechei,  Ded, 
Palaeoeorystes  Broderipi,  Mant. 
„  Stokesi,  Mant 


Actinozoa, 

Ceratotrochus  insignis,  Dutic, 
Trochocyathns  harveyanus,  M,  Ed 


X 

— 

— 

m 

X 

— 

- 

X 

, 

"■ 

— 

, 

1 

1 
1 

X 
X 

1 

-- 

X 

— 

1 

X 

' 

X 

1 

1 

— 

X 

— 

i 

X 

1 

I 

i 

i 

1             X 

1 

1 

X 

From  Wissant  the  Gault  can  be  traced  all  along  the  eastern 
border  of  the  Boulonnais,  but  becomes  still  thinner  toward  the 
south.  At  Cattiei*s  the  zone  of  Ammmrites  ma  mm  Hiatus  rests 
directly  on  the  upturned  Devonian  rocks  of  the  axis  of  Artois, 
as  shown  in  the  section   drawn  by  the  late  W.  Topley,^   and 


*  Quart  Journ.  Qeol.  Soc.,  Vol.  xxiv.  (1868),  p.  474. 
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reproduced  below  (Fig.  84).     Mr.  Topley  observed  the  following 
succession  in  the  railway  cutting  near  Caffiers : — 

Fett.  in. 


Blue  clav,  more  than           -        -        -        -  5  0 

Layer  of  phosphatic  nodules  and  fossils     -  1  0 

Very  green  sand 2  0 

Layer  of  ])hosphatic  nodules      -        -        -  0  1 

'Gi*eenish  rather  clayey  sand        -        -        -  2  0 

Light  greenish  and  grey  sand,  reddish  below  3  0 

nioi.imViiafiiol  Lignite,  not  constant 0  2 

niammiiiatus  I  Qreenish  sand,  resting  unconforinably  on  -  2  0 

Highly  inclined  shales  (Devonian). 


Zone  of 

Am. 

interi-uptus. 

Zone  of 
Am. 


In  the  cutting  at  Wierre  au  Bois,  on  the  line  from  Boulogne  to 
St.  Onicr,  the  Gault  is  seen  again,  and  is  described  by  Dr.  BarroLs 
as  a  black  clay  about  23  feet  thick,  and  containing  many  fossils. 
Below  this  is  a  dark  green  glauconitic  sand  with  a  layer  of 
phosphatic  nodules  at  the  base  containing  Am.  intermpttcs  and 
some  other  fossils ;  the  thickness  of  this  sand  is  about  18  inches,^ 
and  it  is  refen*ed  to  the  zone  of  Am.  mainyniUatus,  though 
Dr.  Barrois  does  not  mention  the  occurrence  of  that  species. 

Fig.  84.    Section  throw/h  Caffiers,' BaS'BmUo7ina is.    (W.  Topley.) 


8.W. 


Caffiers. 


N.E. 
IlameB. 


a.  Chalk. 

b.  Albian  clays  (Qault). 


X  X  Sea  level. 


c.  Albian  sands. 

d.  Palajozoic  rocks. 


The  Axis  of  Artoia. — The  ridge  of  Pal.eozoic  rocks  which  is 
known  as  the  axis  of  Artois  was  dry  land  during  the  formation 
of  the  French  Neocomian  and  Aptien  (our  Wealden  and  Vectian^ ; 
but  the  subsidence  which  carried  the  Gault  over  the  Palaeozoic 

Elateau  of  eastern  England  submerged  also  a  part  of  the  Artois 
ighland.  It  was  not,  however,  so  deeply  submerged,  and 
throughout  the  period  with  which  we  are  now  concerned  it 
must  nave  formed  a  tract  of  shallow  water  dividing  the  deeper 
water  of  the  Belgian  Sea  from  the  still  greater  depths  ot  the 
Paris  basin. 

Where  the  Paheozoic  rocks  come  near  the  present  surface 
in  Artois,  the  only  representatives  of  our  Gault  and  .Greensand 
are  a  variable  set  of  sands,  generally  only  a  few  feet  thick,  and 
evidently  formed  in  shallow  water.  They  rest  upon  the  upturned 
edges  of  the  Devonian  and  Carboniferous  rocks,  and  are  among 
the  deposits  which  the  miners  and  quarrymen  call  "  Tourtia,**^ 

^  Ann.  Soc.  des  Sciences  de  Lille  (1873),  Vol.  xi. 

2  This  is  a  miner's  term  given  to  the  loose  irregular  deposits  which  cover 
the  surface  of  the  older  rocks,  and  it  includes  beds  of  various  ages,  both 
Albian  and  Ccnomanian. 
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If  we  pass  from  the  south-oast  comer  of  the  Boulonnais  over 
the  Chalk  Downs,  we  find  the  base  of  the  Upper  Cretaceous 
series  exposed  again  in  the  valley  of  the  Lys,  north  of  Fruges 
Along  this  valley,  and  in  the  country  to  the  eastward,  many, 
pits  nave  been  opened  for  the  purpose  of  extracting  the  phos- 

Ehatic  nodules  from  the  "  Tourtias,"  and  the  fossils  from  these 
eds  have  been  diligently  collected  by  M.  Parent,  who  published 
an  account  of  them  in  1893.^ 

M.  Parent  distinguishes  three  distinct  faunas  in  the  basement 
beds  of  difierent  localities  in  going  from  west  to  east — namely, 
(1)  the  Sables  verts  de  Dennebneucq,  (2)  the  Tourtia  de  Pernes 
(3)  the  Toiu-tia  d'Aix-en-Gohelle.  The  first  he  refers  to  the  highest 
part  of  the  Aptian,  the  second  to  the  Albian  (or  Lower  (Jault), 
and  the  third  ne  is  inclined  to  regard  as  representing  the  zone 
of  Ammon ites  inflatu^ (  =  rostnUiis). 

He  may  be  right  with  regard  to  Nos.  2  and  3,  but  we  cannot 
agree  witn  his  reference  of  the  greensand  of  Dennebroeucq  to 
the  Aptian.  Most  of  the  species  which  he  Quotes  as  belonging 
to  the  "  English  Lower  Greensand  "  are  really  Blackdown  species, 
and  the  whole  fauna  has  very  strong  Gault  affinities,  as  he 
himself  admits.  The  only  Ammonite  he  found  is  Ann,  tarde- 
fnrcatus,  a  characteristic  Albian  species  which  does  not  occur 
below  the  zone  of  Am,  rruiminillatwj. 

Regarded  collectively  the  fauna  of  these  basement  beds  is 
a  littoral  one,  characterised  by  the  rarity  of  Ammonites  and  by 
the  abundance  of  Oysters,  Pectens,  and  Brachiopods.  Witn 
such  a  fauna  it  is  hardly  possible  to  make  zonal  correlations, 
and  it  is  a  significant  fact  that  in  every  section  the  basement 
Tourtia  is  overlain  by  a  glauconitic  sand  which  he  calls  the 
"  assise  a  Pecten  asper,"  without  any  signs  of  erosion  except  at 
Aix-en-Gohelle.  We  should  regard  the  sands  of  Dennebrojucq 
and  the  Tourtia  of  Pernes  as  littoral  deposits  representing  our 
Lower  Gault ;  and  it  is  quite  possible  that  they  were  originally 
succeeded  by  beds  of  Upper  Gault  age,  for  M.  Parent  finds 
derived  phosphatic  fossils  m  the  sands  with  P,  a^er  at  Pernes 
which  seem  to  have  come  from  such  beds.  As  the  zone  of 
Am,  inflatus  certainly  had  a  wider  extension  than  the  Lower 
Gault,  one  would  have  expected  to  find  it  in  Artois,  and  this 
supposition  of  its  former  existence  and  subsequent  destruction 
by  erosive  currents  will  explain  its  absence. 

Dr.  Barrois  and  Prof.  Gosselet  have  also  recorded  Am,  in  flatus, 
Am,  aplendens  and  Inoceramus  sulcatus  from  borings  near  bouai, 
and  their  occurrence  seems  to  confirm  the  view  that  deposits 
of  this  age  were  formed,  and  perhaps  still  exist,  beneath  the 
Chalk  of  that  district. 

With  respect  to  the  beds  referred  by  M.  Parent  to  the  "  assise 
k  Pecten  aaper"  the  fauna  certainly  has  a  very  close  resemblance 
to   that  which  is  generally  known  as  the   Warminster  fauna, 


*  Ann.  Soc.  G^l.  Nord.,  vol.  xxi.,  p.  205. 
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and  is  found  in  the  sand  which  immediately  underlies  the 
Chloritic  Marl  near  that  place.  The  probability  of  this  corre- 
lation is  increased  by  the  fact  that  the  "  assise  ^  P.  anper "  is 
overlain  by  a  bed  which  contains  many  species  of  Cephalopoda, 
and  appears  to  correspond  with  our  Chloritic  Marl. 

Wo  clo  not  propose  to  describe  the  Tourtias  and  deposits  which 
occur  further  east  in  the  Department  du  Nord,and  will  only  remark 
that  there  appear  to  be  in  that  region  sporadic  deposits,  some 
referable  to  tne  zone  of  Am.  mammillatus,  and  othere  like  the 
"  sarrazin  de  Bellignies,"  which  are  of  later  date.  In  tho 
direction  of  Mons,  however,  there  appears  to  have  been  an  inlet 
or  bay  wherein  a  thick  deposit  of  sand  and  sandstone  was  formed, 
having  a  strong  resemblance  to  our  Blackdown  beds.  These 
sands  are  in  places  over  300  feet  thick,  and  are  known  as  the 
Meule  de  Bracqiiegnies ;  they  contain  layers  and  concretions  of 
chalcedonic  silica,  and  the  fossils  are  silicilied  like  those  of  Black- 
down.  A  large  number  of  species  are  common  to  the  two 
formations,  and  there  can  be  little  doubt  that  they  are  of  the 
same  age.  In  this  opinion  we  agree  with  Prof  Gosselet  and 
Prof  Barrois,  but  it  is  a  curious  fact  that  no  Ammonites  or  other 
Cephalopoda  have  yet  been  found  in  the  Meule  de  Bracquegnies. 

iheAi^^ne  and  Ardenne.^. — The  Gault  which  passes  beneath 
the  chalk  on  the  southern  border  of  the  Boulonnais  is  doubtless 
continued  beneath  the  southern  part  of  the  department  (Pas  de 
Calais),  and  along  the  northern  border  of  the  Aisne,  but  it  does  not 
crop  out  again  from  beneath  the  overlapping  chalk  till  we  come 
to  Mondrepuits  and  Hirson  in  the  north-east  of  Aisne.  From 
this  point  the  outcrop  can  be  followed  southward  through  the 
Departments  of  Aisne,  Ardennes,  Marne,  Haute-Mame,  Aube 
and  Yonne. 

In  the  Aisne  and  Ardennes  the  beds  which  correspond  to  our 
Gault  and  Greensand  vary  much  both  in  lithological  character 
and  in  thickness,  and  for  our  knowledge  of  these  variations  we 
are  indebted  chiefly  to  the  explorations  of  Prof  Barrois.  For  the 
names  of  the  geologists  who  preceded  him  in  this  field  of 
research  we  may  refer  to  the  full  Bibliography  given  by  him.^ 

Taking  the  zones  in  ascending  order  and  commencing  with  the 
northern  district  of  Thi^rache,  we  learn  that  the  zone  of 
Aminmiites  inaininillatus  is  there  represented  by  the  Sables  de 
Liart,  which  are  coarse  yellowish  sands   with  largo  grains  of 

fflauconite,  and  include  layers  of  argillaceous  sand  containing 
umps  of  hard,  coarse  glauconitic  sandstone.  These  sands  are 
about  60  feet  thick.  Southward  the  sands  become  finer,  and 
near  Maranwez  they  pass  into  fine  sand  with  layers  of  soft  sand- 
stone, and  many  scattered  phosphatic  nodules. 

In  the  Rethelois  this  sand  becomes  a  gaize,  Ught  and  porous, 
which  has  been  named  the  Gaize  de  Draize  by  Prof  Barrois  to 
distinguish  it  from  the  Gaize  de  Marlemont  which  overlies  it.     It 

*  "  Terrain  Cr^tace  des  Ardennes,"  Ann.  Soc.  0^)1.  Nord,  Tom.  v.,  p.  227 
(1878),  and  "  Le  Gault  dans  le  Bassin  de  Paris,"  Idem ,  Tom.  ii.,  p.  1  (1876), 
and  Bull.  Soc.  Gdol.  de  France,  Ser.  3.,  Tom.  iii.,  p.  707. 
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is  well  exposed  at  Rocquigny  and  Draize,  and  its  thickness  is 
from  30  to  40  feet.  Further  south,  however,  between  Rocquigny 
and  Attigny  (near  Rethel),  this  zone  seems  to  have  suffered 
erosion,  for  it  is  represented  by  a  few  feet  of  green  argillaceous 
sand,  the  siuface  of  which  is  uneven  and  covered  by  a  layer  of 
derived  phosphatic  nodules  and  fossils ;  and  the  sand  itself  rests 
on  the  Coral  Kag. 

The  clays  of  the  Gault  (zone  of  Ammonites  interruptics)  are 
but  poorly  represented  in  Ardennes.  Dr.  Barrois  believes  them 
to  be  absent,  out  he  describes  the  Sables  de  Liart  at  Buire  and 
Foigny  as  overlain  by  a  black  marl  which  contains  a  curious 
mixture  of  Lower  and  Upper  Gault  fossils,  such  as  Am,  intermip- 
tus  and  Am,  seUiguinus  with  Am.  Stvxleri  and  Inoceramus 
sulcatvbs.  Further  south  there  is  certainly  no  trace  of  the 
"  Middle  Grault,"  and  there  is  evidence  of  erosion  and  discordance 
between  the  lower  and  upper  portions  of  the  formation  at 
Marlemont  and  other  places. 

The  zone  of  Ammonites  rostratus  is  represented  in  the  north 
of  Thi^rache  by  sandy  clay,  which  when  traced  southward  passes 
into  fine  grey  argillaceous  sand  with  cherty  nodules  and  layers 
of  micaceous  sandstone.  This  passes  into  the  Gaize  de  Marle- 
mont, a  fine  grey  porous  sandstone  with  much  colloid  silica, 
which  has  a  maximum  thickness  of  about  50  feet,  and  a  fauna 
similar  to  the  malmstone  of  Hampshire  and  the  Gaize  of 
Devizes.  It  is  interesting  to  notice  the  occurrence  oi  Ammonites 
aurltus,  var.  catiUus,  Sow.,  and  of  a  variety  intermediate  between 
A.  avuritus  and  A,  remtVjxianuSy  also  of  such  species  as 
Pleuromya  mxindibuUty  Area  (Gucalloea)  earinata  and  Pinna 
tetragona. 

This  gaize  dies  out  southward,  and  in  the  district  north  of 
Rethel  only  a  few  metres  of  sandy  clay  represent  the  Upper 
Grault.  The  following  sections  are  illustrative  of  the  three 
aspects  of  the  formation  along  its  outcrop  between  Hirson 
and  Rethel. 

The  first  is  at  Rumigny,  in  the  Thi^rache,  and  is  as  follows  :— 

Feet 

Qlauconitic  Marl  with  Pecten  cumer — 

'  Green  clay  sand,  Nwyula  obtusa      -        -        -        -        16 
Green  clayey  sand  with  thin  beds  of  gaize,  and 
nodules  of  hardstone  :  Amm.  Eervauxianvs  Inoc, 
sulcattUj  &c. 33 


o  _ 


d   .    /Ferruginous  sand  with  lumps  of  coarse  grit  and 
*o  U         thin   layers   bluish    sandstone    rich  in    fossils, 
g  S^  J      Pleuromya  acutistUcata^  &c.        .        -        .        -        .50 
j3  B^  1  Clayey  glauconitic  sand  with  lumps  of  coarse  sand- 

<  ^    I  stone,  Ostrea  ardueimentis 16 

Aptian  below.  "77" 

llfi 

The  sections  near  Marlemont  show :—  t'\*'t 

Mame  de  Givron  with  Pecten  asper            -        \.  .'        '  '^^ 
Fine    green  sand    with   beds  of  soft  lustrous  light  grey 

siliceous  stone  (Gatu  de  Marlemont)            -        -        about  50 
Coarse   sands  with  large  grains  of  glauconite,  Sahhf^   de 

Liart ^^''^^^  _^ 

90 
1980.  2  B 
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Lastly,  near  Faux,  Retbel  and  Sorcy,  the  succession  is  as  below  : — 

Feet. 
^f(trr^e  de  Giiron^  grey  glauconitic  marl  -        -        -        -     20  to  30 
Z(me  of  Avu  injiatus,\)\2ic\i  99JiAy  cX^y   -        -        -        -10tol3 
Z(m^  of  Ant  mafuniUlaUcs,  clayey  green  sand  -        -        -      8  to  10 

The  last  is  the  region  of  least  thickness  where  the  combined 
zones  of  Ann.  niamniillatus  and  Am.  injiatnti  amount  to  only 
about  20  feet,  and  w^here  the  former  rests  on  the  Corallian 
limestones  which  seem  to  have  formed  a  submarine  ridge ;  the 
thickness  of  deposit  being  less  on  this  ridge  than  in  the  deeper 
water  to  the  north  and  south  of  it. 

Thi  Mame  do  Givron,  which  overlies  the  zone  oi  Ammonites 
injiatiLs  in  this  district,  is  referred  by  Dr.  Barrois  to  his  zone 
of  Pecten  a^^er,  which  in  1878  he  restricted  to  the  beds 
which  lie  below  the  niveau  of  ^r/i.  lutivUivias.  If  this  niveau  in 
the  Ardennes  and  the  Aisne  is  really  the  equivalent  of  the  basal 
bed  of  the  Chalk  at  Wissant  and  Folkestone,  then  the  Mame 
de  Givron  must  represent  the  higher  nart  of  our  Upper 
Greensand.  We  do  not  think,  however,  tnat  Dr.  Barrois  has 
established  the  identity  of  the  bed  which  he  calls  the  zone 
of  Am.  hitwlavius  in  these  departments,  and  consequently 
we  doubt  if  the  Marne  de  Givron  comes  within  the  series 
\vhich  represents  our  Gault  and  Upper  Greensand  in  the  east  of 
France.  Tlie  matter  w^ill  be  discussed  more  fully  when  wo 
describe  the  equivalents  of  our  Lower  Chalk  in  that  region. 

The  Regum  of  Argonne. — South  of  Rethel  we  come  to  the 
region  of  Argonne  which  includes  part  of  the  Ardennes  with 
the  adjoining  parts  of  Mame  and  Mcuse;  and  in  this  district 
the  beds  attam  a  wonderful  development. 

The  zone  of  Am.  viammilUxtu^s  varies  from  16  to  30  feet 
in  thickness,  but  has  suffered  erosion,  for  at  many  places  its 
surface  is  irregular  and  supports  a  layer  of  phosphatic  nodules 
which  are  locally  known  as  the  "  coquins  de  sable "  and  are 
overlain  by  the  Gault  clays. 

The  zone  of  Am.  interruptus,  which  is  absent  to  the  north, 
here  sets  hi  again,  and  is  about  30  feet  thick  near  Grand  Prt5, 
increasing  to  50  feet  by  Varennes  and  Clermont. 

It  is  however  the  zone  of  AmmonitcH  in  flat  as  which  attains 
such  a  great  expansion  and  this  consists  largely  of  gaize.  The 
"  gaize  de  TArgonne "  sets  in  at  Attigny  and  rapidly  thickens 
till  at  Grand  Pr(5  and  Vouziers  it  is  250  feet,  and  near 
Montblainville  no  less  than  330  feet.  Southwards  it  thins 
again,  but  as  it  does  so,  clays  with  Am.  inflatus  come  in 
at  its  base,  and  evidently  replace  it,  for  they  thicken  as  the 
gaize  thins,  and  when  the  gaize  disappears  near  Bettancourt 
these  Upper  Gault  clays  are  250  feet  thick. 

In  England  the  gaize  would  have  been  mapped  as  Upper 
(rreensand  and  the  clays  as  "  Gault,"  but  in  France  they  have 
long  been  recognised  as  only  different  facies  of  one  formation, 
the  '\i.ssise  "  of  Ammonites  inflatus.  As  Prof  Barrois  remarks, 
*•  The  end  of  the  gaize  at  Bettancourt  is  not  the  extremity  of  a 
special   formation   having  a  fauna  of  its  own  and  ending  in 
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a  feather-edge;  it  is  the  border  of  a  lenticular  mass  (lentille)  of 
arenaceous  material  forming  part  of  an  argillaceous  formation 
and  having  the  fauna  of  that  formation."  ^ 

A  peculiarity  of  the  Gaize  de  I'Argonne  is  that  it  contains 
a  layer  of  phosphatic  nodules.  Between  Grand  Pre  and 
Montblainvillo  this  layer  is  from  30  to  50  feet  above  its 
base,  but  sometimes  it  is  at  the  base.  The  nodules  are  known 
by  the  workmen  as  coqaiits  riches,  because  they  contain  a 
larger  amount  of  phosphate  than  the  coquhis  de  sahU  of  the 
lower  beds;  they  are  black,  like  those  of  Cambridge,  rolled, 
worn,  and  covered  with  small  shells  and  Snyidm,  so  that 
Dr.  Barrois  regards  them  as  derived  either  from  the  lower 
part  of  the  gaize  or  from  clays  which  have  been  destroyed. 

It  seems  to  us  that  further  investigation  is  needed  here, 
for  we  are  not  told  w^hether  the  gaize  below  contains  fossils, 
or  whether  this  bed  of  nodules  passes  into  the  clays  where 
the  gaize  is  replaced  by  them  southwards,  as  it  should  do 
if  it  keeps  to  one  stratigraphical  horizon. 

Mamie  and  Haiite-Manie. — Beyond  the  district  of  Argonne 
the  succession  remains  nearlv  constant,  all  the  three  zones 
being  present,  and  the  two  higher  of  these  subdivisions 
maintjiining  a  great  thickness,  as  given  below : — 

Feet 

Marly  clays  of  the  zone  of  Am.  inflntus  -        -        -  300  to  330 

Clays  of  the  Lower  Gault       -      *  -        -        -        -  100  to  130 

Sands  of  the  Am.  nuimmil/atu^  zone      -         -        -     25  to    30 

The  total  thickness  varying  from  430-480  feet. 

Department  of  the  Aube. — In  this  department  the  outcrop 
of  the  Gault  clays  occupies  so  wide  a  tract  of  country  that 
many  brickyards  have  oeen  opened  in  it,  and  from  these 
excavations  large  numbers  of  fine  fossils  have  been  obtained. 
It  was  from  this  region  that  d'Orbigny  obtained  his  Gault  fossils, 
and  on  this  account  he  gave  the  name  of  Alhien  to  the  stage 
that  could  be  recognised  by  this  fauna. 

The  general  succession  is  much  the  same  as  that  of  the 
Marne.  The  grey  marly  clays  of  the  Upper  Gault  continue 
to  be  from  280  to  250  feet  thick ;  the  clays  of  the  Lower  Gault 
(zone  of  Am.  intei^'uptvs)  are  over  100  feet, and  include  at  Gaty 
a  layer  of  small  septarian  nodules  from  which  many  fossils 
have  been  obtained.  At  the  base  are  the  sands  of  the  Am, 
'mammilhiivs  zone,  or,  as  they  used  to  to  be  called,  the  "sables 
verts  infericurs,"  from  20  to  80  feet  thick. 

The  Gault  of  Brienne  has  been  specially  studied  by  M, 
Delatour,'-  who  has  recognised  a  certain  subzonal  distribution  of 
the  fossils.  The  succession  given  by  him  is  as  follows,  and 
applies  to  the  whole  district  of  the  Perthois  lying  between  the 
Seme  and  the  Ornain  rivers : — 

Zone  a  Am.  rostratus  -        -        -        -  ^ 

„    k    Kin^ena  lima   and    Pecten  rau-    I 

Upper  linianus  - \  230  feet. 

Gault.  „    k   Am.    varicosus    and    Inoceramus 

sulcatus  

Ferruginous  conglomerate  .        .        .        .  2    „ 


J^  Ann.  8(x;.  Geol.  Nord,  vol.  ii.,  p.  24  (1875). 

-  Bull.  Soc.  Geol.  de  France,  8er.  3,  tome,  v ,  p.  22,  revised  in  Price's 
*'  Lecture  on  the  Gault,"  1879,  p.  38  (Taylor  and  Francis). 
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Zone  k  Am.  splendens         -        -  about  50  feet 

„    k  Am.  interruptus      -        -  „  65    , 

Lower            "    a  Crustacea        -        -        "  -        -  \ 

Qault              "        Hamites  rotundus  -        -  -        -  \  50    „ 

„    k  Belemnites  minimus        -  -        -  J 

Sands  of  the  A.  mammillatus  zone  \  .^^ 

'.        without  fossils j  -^^    » 

Mr.  Price  has  kindly  allowed  us  to  see  the  letters  and  lists 
communicated  to  him  by  M.  Delatour,  and  from  them  we  have 
gleaned  the  following  facts. 

The  lowest  part  of  the  Gault  clay  is  characterised  by  the 
abundance  of  BelcDinitea  miniTYius,  which  does  not  range  above 
it.  It  is  divisible  into  three  parts,  which  seem  equivalent  to 
the  beds  1,  2,  3  of  Mr.  Price  at  Folkestone.  No.  1  is  divided 
from  2  by  a  layer  of  phosphatic  nodules  with  rolled  fragments 
of  Am.  denaHiLSy  Atu.  niaminillatas,  Dental iiim  decusHatiun 
and  Ostreu  canaliculatay  but  none  of  these  beds  contain  Am. 
interraptus.     The  thicknesses  of  the  several  beds  arc  not  given. 

In  the  clays  above,  Am.  inte/rruptiut  is  common,  together 
with  Am.  denarius  and  Am.  Beiulanti  and  manv  other  well- 
known  species.  He  cannot,  however,  separate  this  into  sub- 
zones,  but  regards  the  whole  as  con-esponding  with  beds  4.  5' 
and  6  of  Price  s  Folkestone  section. 

His  zone  of  Aia.  s^plendens  might  have  been  named  the  zone 
of  Am.  aiivihis,  since  that  fossil  is  particularly  common  and 
does  not  occur  below.  It  is  clearly  equivalent  to  Mr.  Price's 
Bed  7,  in  which  auritus  is  equally  common.  M.  Delatour, 
moreover,  has  found  in  it  Ep  taster  ricardeanus,  and  believes  it 
to  be  the  continuation  of  tne  zone  of  Ep.  ricordearius  which 
overlies  the  sables  de  Fr^cambault  at  St.  Florentin,  and  he  has 
traced  it  northwards  to  Montierender  in  the  Haute  Mame,  where 
it  IS  overlain  by  a  bed  of  ferruginous  conglomerate.  This  is 
important,  as  Dr.  Barrois  had  not  been  able  to  trace  the  zone  of 
Ep.  ricordeanus  into  the  Haute  Marne. 

Above  the  conglomerate  there  is  marly  clay  with  Ammonites 
varicosus  and  Inoceramits  sulcatus,  the  latter  in  great  abund- 
ance; this  has  its  counterpart  in  Mr.  Price's  Bed  9  of 
Folkestone.  Its  outcrop  passes  through  the  town  of  Brienne, 
where  M.  Delatour  found  two  hard  beds  of  marly  limestone,  the 
lower  one  crowded  with  Am.  varicosus  and  hioc.  sulcatus,  while 
in  the  upper  band  he  foimd  a  large  keeled  Ammonite  which 
may  be  A  m.  rosfratus.  The  total  tnickness  of  the  zone  was  not 
ascertained. 

Above  this  come  beds  in  which  Pecten  raulinianus  and 
Kingena  lima  are  common,  just  as  at  Folkestone  (^Bed  10),  and 
lastly  a  great  thickness  of  marly  clays,  in  which  fossils  are  rare, 
except  Ostrea  canaliculata,  but  from  which  Dr.  Barrois  obtained 
Am.  rostratits  at  Larrivour  and  Vcnizy. 

The  marls  above  the  conglomerate  are  ranked  by  M.  Delatour 
as  "  Argiles  Cenomaniennes,"  but  that  is  only  because  the 
"  assise  k  Am.  injlatus "  is  at  the  present  time  excluded  from 
the  Albien  in  France;  they  are  none  the  less  absolutely  sjm- 
chronous  witlji  our  Upper  Gault. 
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The  following  is  a  zonal   list  of    the    fossils  found  in   the 
Lower  Gault  of  the  Pcrthois  district  by  M.  Delatoiir: — 


Cephalofoda. 


Animonitea  auritus,  Sow.    - 

„  Archi acinus,  dOii. 

„  Beudanti,  Brniig. 

„  Ixiucliardianus,  iFOrb. 

Delaruei,  ilOrO. 
denarius.  Son:  - 

„  Desha^esii,  Lwjn. 

„  dupimanus,  aOrh. 

„  itierianus,  <fOi'i. 

„  interruptuB,  Brug. 

.,  latidoraatus,  Mich. 

„  Lyelli,  Lejftn.    - 

„  maininillatu^  Schlatk. 

„  roisHyanus,  aOrb. 

„  aplendena,  Sow. 

„  versicostatus,  Mif/t.  ■ 

Haniites  altematua,  Jfant.  - 

„       bouchardianns,  iTOrfi. 

„        rottindUB,  Soir, 

Turrilitea  catenatmt,  (FOrb. 

Belemnitea  mininms,  Lister 

Oastebopqda. 
Ajjorrhais  cannata,  Sow. 
Ceritbium  subspinoBum,  J)tfk. 

„        trimonile,  Mieh. 
Dentaiiiim  decuitsatum,  Suie. 
Natica  gaultina,  d'Oti. 
Rissoina  Sowerbyi,  Gard.    - 
Solarium  conoideum,  .Sow.  - 

„       oniatuni,  AW. 
Turritelitt  vibrayeana,  ^Orh. 

Lamellibranchiata. 
Area  (Cucullaia)  nana,  it  Orb. 

„  „  glabra,  Park. 

Atinmia       .        .        -        - 
Cardita  tenuicoHta,  S;iw. 
Inoceramiia  concentric  us,  Park. 
Lima  pamllelu,  itOrb.  {asm  Soir. 
Nucula  albenais,  (FOrb. 

„      bivirgata,  Sow. 

„      jwctinata,  .S'wc. 

„      subrecurva,  Phil.     - 
Ostrea  caoaliculata,  Sow.    - 
Pect«n  (N.)  quinquecostata.  Sow. 
Pleuromya  gurgitis,  I  Biiinff. 
Plicatula  pectinoidea,  Sou: 
Trigonia  Fittoni.  Desk. 
Falteocorystes  Stokesi,  Mnnt. 
(Crabs  not  determined) 
£piaBter  ricordeaniiB,  ^Orb. 
Trochocyathua  conutua,  Edw. 
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The  following  is  a  list  of  fossils  from  the  Zone  of  Amfiumile* 
infiatus  in  the  Aiibe,  Mame,  and  Ardennes,  the  first  column 
showing  how  miny  of  the  species  range  up  from  the  zone  of 
Am.  interruptvs. 
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Polyjjtycliodon  interrii]rtu9,  Otveti 
ljB.nina.  aruniinattL  Aff.  - 

„      ap^wndiculaU,  Ag.     - 
Oxyrhina  iuacrorhi»L,  P.  tk  Camp. 
Ottincroides  lewesieDHis,  Ag. 
Sca]ianorhyiicLus  ra|)hiodoD,  Atf. 


Cephalopoda. 

Belemnites  niinimtiH,  Liit.     -        -        -        - 
NftUtilus  cleiiiciitinus,  d'Orh. 

lievigatUH,  (f  Of*.    -        -        -        - 
„        radiatuH,  tVOrh.  (?  Alhensis)  - 
„        aowerbyamw,  iVOrb.       -        -        - 
Ammonites  aiiritiis.  Sow.      -        .        -        - 
„  candolleanus,  P.  <fc  Ciiutp.  ■ 

„  catillua,  Sow.      .        *        .        - 

„  inllatuH,  Smv.  (■^rostmtos,  How.) 

„  falcatiin,  ^faHt.  (I  cfeloiiutiu) 

„  Mimtelli,  AW.  (() 

„  raulinianus,  cFOi-b.     .        -        . 

„  reiinnxianus,  tTOrb.   - 

„  Riilemltii'',  .Vow.  -        -        -        - 

„         Btmlcii,  P.  it  Camp.  ■ 
„  Hclliguinus,  Hr<,nr}.  (T  licvii^liia)- 

„  varicoeus,  A'ow.  -        -        -        - 

AniBOceras  altematUH,  Afunt.         -        -        - 
„         umiatiis.  Sow.      .        .        .        - 
J,         nioreiiuMiKiuLS,  tVOrh.   .        -        - 
Haniites  attciiuatun.  Sow.     -        -        -        - 
„        intuniiediiiN,  Sou:  (=rotuiidiw,  iTOrh.) 
„        virguktua,  tHOi-li.    .        -        -        - 
Bhitiilitea  baculoidcM.  iTOrli.  -        -        - 

„        Gaiidini,  P.  &  C  - 
Tiinilitea  Bergeri,  liiimff.      -        -        -        - 
„        iniKosianiu*,  tTOi-lf.- 


AvcHana  Clementina,  d'Orh.  (Ringinella) 
„        hugardiima,  (TOt-fi. 
„        iiKimsiMita,  Sow.      -        -        - 
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The  foUowinft  is  a  zonal  list  of  the   fomU  found  in  th. 
Lower  Gaiilt  of  the  Porthois  district  by  M.  Delatoiir:— 


CEKHAL>iroDA. 

Ammonites  auritus,  Sov,    - 
„  ArcliiaciQUs,  (TOrb. 

„  Beudantij  Btfum. 

IwHchardiftnua,  iFOn. 
"  Dekruei,  ilOr',. 

„  deiiariUM,  Suii:  - 

Deeha^esi,  Leym. 
„  dupinianus,  rfOrft. 

itierianua,  <FOrl>. 
intemiptua,  Bran. 
„  Utidoraatus,  Miek. 

Lyelli,  iej/m.    ■ 
mammillatuMj  Sehlnth 
„  rowayoiiua,  liOrb. 

oplendena,  Sou>. 
versicoetatua,  Mvh 
HiiiiiitcM  «It«niatU8,  Mant.  ■ 
„       bouchaniianuH,  iFOi'^'- 
,,      Totundui*,  Soip. 
TiirrilitcH  catenatUM,  (fOri. 
Ik'IfiiiiiiteH  miniiiiuH,  Liiltr 


QAaTERWPOBA. 

Ajonhnin  caiinata,  AW. 
Curithiiiiii  Bubsinnosum,  Dttfi 

„        trimouile,  itirh. 
iJoiiliiliuni  dccurtsutmn.  Suit. 
Nutica  ^ultiD&  (f  (M. 
i<i.sMi>iiia  Bowerbyi,  Gard.    - 
Siiliirium  conoideuin,  ^'uw.  - 

„       omatum,  -SW. 
Tiirriti-lln  vil.niyeaiiii,  dOr/i. 

Lamkllibeanchiata. 
Ar.ft  (( 'ii.;!!!!!.^.!)  nana,  'Wr',. 


i'lir'Jilii  li'riiiii''wt«,  S'lW. 

Minu  iMnllela,  ^Orh.  (li<>n  S;n 
N  III  >ijk  albeiuK  itOrh. 

„      liiviritutH,  Sote. 

„       iwM'tinHta,  Sinr. 

„     §u,hmeurrt,J^il. 
I  MfH  nmaHciiktt.  Sum. 

-     .is.)ir " 
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1 
|5 

1 

1 

1 

1 

1 

i 

1 

1 

Qastkropoda— COJ 

Avellana  pulchella,  Price      - 

„        niu]iniinia,<fOc6.  - 
Ceritliiiim  luoaensc,  Bm<.       - 

„         vibray«iniim,  (fOih. 
AporrhaiB  cariiiata,  Mant.     - 

„  ,      Parkinaoni,  Sow.  - 

Fusus  acteon,  if  Orb. 
„     clathratua.  Sou:  - 
„      ruHticiiis,  Sow. 
„     sp.  (like  trunculus,  Picl.) 

Mure*  biliiieatus,  Piut.  - 
Natica  gaultina,  (TOrb.  {=Geiiti, 
Pleurotomaria  niureaufliana,  ifOn 
Rhodani,  P.  £  Rvu 
Thumianni,  P.  *  i 
„            vreconnensiH,  P.  & 
„             Bp.  (like  Margueti, 
Riseoina  ineurla,  d'Or/i. 
Solarium  cirrhoide,  iTOi-b.    ■ 
„        dentatum,  Sow. 
„        ornatum,  Soie. 
„        ri>i:lmtianum,  P.  A  Roiu 
,,        tingryanum,  P.  A  Roius 
Tumtella  altemans  ?,  Riim. 
„         rauliniana,  <VOrb. 
vibrayeana,  dOrb. 

Lamellibranchia 

Area  (CiicuUii'a)  ciirinata.  Sow. 
„             „         asiiiilatenilia,  Co 
glalini,  P,ut. 
obe«a.  P.  &  Rouj 
Astarte  [r/.  du|iiiiianH,  fTOt-l..) 
Anomia  mdiaUi,  Sow.  1 
Avicula  anomak,  Sow.  - 
..       gryphiEoides,  Sotc.    - 
„       rauliniana,  (FOrb.     - 
„       BUbpIicata,  dOrb.     - 
Cardita  dupiniaDa,  d'Orb.     ■ 
tenuicOBta,  Sow. 
„       anronnensis,  Ruv. 
Cra-iaatellH,  sji. 
Cyprina  ligenenfliB,  d'Orb.    - 
Eiogyra,  («se  Ostrea). 
HiDnitea  Stndeii  P.  <t  Camp. 
InoceramuB  ap.  (like  orbicularis), 

t. 

Sow.) 
Rnv. 

PA. 
■«.<t 

MUTU 

Bri. 

: 

X 

z 

X 
X 

X 

X 

X 

X 
X 

X 

X 
X 

X 
X 

X 

X 
X 

X 

? 

X 

X 

X 
X 

NORTHERN   FRANCE. 


1 
■8 

1 
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j 

J 

'i 
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.s 

l_ 

V 

-3 
1 

1 

8 
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LAMELLIBKASCniATA— COK?. 

Inoceramua  propinqum  Gold/.    -        -        -        - 

- 

- 

X 

X 

Isocardiii  cryutocerns,  il'Orlj. 
Leda  [jhaseoILna  P.  A  Cn,n,>. 
„      jwrreota,  Heuts     - 

- 

X 

X 

Lima,  albensia,  rf"  Orfi.    - 

X 

„     areliiiiciana,  Corn.  &  ISrinr 

„     paralleta,  dOrb.  (non  A'oic) 

„     rauliniana,  fPOi-b. 

X 

„  _    aemioriiala,  ttOi-b. 

Lucina  uiaiini,  Sow. 
Nuculii  bivirgata,  Smc- 
„        OTata,  Mant.    - 

X 

- 

X 

„        oblUBii,  Sorp.     - 

„       pectiitata,  Sou: 

X 

- 

- 

„       renauxiana,  d'Oi-b.  - 

OHtrea  can alii-ii lata,  Smr.      - 

X 

„      haliotoidea,  Sow. 

„      Lesueuri,  (fOrfi. 

X 

X 

- 

,  <rOi-b.) 

„      Nautnauni,  Actum. 

X 

„      pectinata,  Lam. 

„      plicatula,  Lam. 

„      rauliniana,  (TOrb.      - 

X 

- 

X 

- 

„      sigmoidea,  Jieusi 

„      vesicularis,  Lam. 

X 

X 

„      veaiculosa.  Soiv. 

Pecten  asjwr,  Um.       - 

„       Dutemplei,  rf'Oi*.     - 

- 

„      dopressiia,  (^M.  (I  Beaven 

)      - 

„       cf.  elangjitus,  Lam.   - 

X 

„       hidTiidii.*,  Goi'l/. 

„       Oallie))uei,rf(5,/..      - 

X 

„      orbicularis,  Soiir. 

X 

„      ratilmianua,  iCOrf..    - 

„       subdepresBUS,  dAtvh. 

„      Rhodaiii,  P.  A  Cany. 

„      subncutiia,  dOrh. 

„     (Neithea)  S-coBtata,  .Vow. 

Pholadomya,  b|).    - 

- 

- 

~ 

- 

X 

Pinna  lu<.n.:.iu.,  JOrb.  - 

„       i^Mvnim. 'fOrf,. 

„       Nc].Tiiiii,  ./'Oi-i. - 

- 

X 

PlcuroiLiya  axuti sulcata,  'FOrb. 

astieriaiia  1,  ifOi-b. 

„          raandibala,  .SW.  - 

_ 

_ 

_ 

X 

„          plicata-Sow. 
Plicatula  pectinoides,  .^oic. 

' 

X 

' 

X 

X 

CRET.'.nEOUS  KOCKS  OF  BWTaW. 


Lamellibbancuiata— wn/. 

Plicatula  si^Uina,  W'tilic.    -        -        -  - 

Bolen  moreatms,  Bur.           .        .        .  - 

SpomlyiuM  giiilH.'siis, '/"O;*'/.  -         -         -  - 

Trigonia  Eliw*.-,  r:..'-".  .f-  BriaH    - 

„        Fittoni,  DesA.         .        .        .  - 
„        epinosa.  Part.,  var.  aiibovata,  Lt/c. 


Venua  rotomagensi!*,  iVOrb.  ■ 


Bkachiopoda. 

Bhynchonella  compresiia,  Lam.    - 
„  KTaaiana,  aOrb. 

„  Te<:tifroiis.  I'iii. 

„  Huieiitji,  f'lrk. 

Kingena  lima,  Dtfr. 

Terebratula  autempleana,  ttOi-h. 
„  ovata,  Soiv. 

Waldheimia  Mp.     -        -        -        - 


Cruhtacea  a»d  Amneuda. 


Pollicipea  unpiis,  Sow.  ■ 
„         atn&tus,  AW. 

Serjiula  aritinuata,  -S'oi". 
,,        gordialia,  Schloth-    ■ 
„        huvis,  GoUL     -        - 
„        plenUB,  Sow.    - 

Vermicularia  polygoualis,  Sotir- 


ECHINODERHATA. 

Epiaater  dtstinctus,  Aij. 

Holaster,  ap, 

Cidaris  uniiormia,  Sorign.    - 

„       Dclatouri.  Cott. 
Piwudodiadeina  albense,  Colt. 
„  Dupini,  Colt. 


CeratotrochuH  iriHigiiis,  Duttf. 
TrochocyathuH  angulatus,  Dune,  - 

„  harveyanus,  J/.  Sdip. 


NORTHERS   FRANCE. 


II 


|i, 


SPONniDA. 

Jerea  pyriformia,  Lamr. 

„      niutabilia,  De/ranet     - 
Retia  costata,  Solliit     - 
BijnBeyia  su.         -        -        . 
Siphonia  Fittoni,  Miek. 

„        pyriformia,  Gold/'.  - 


FarkerU  ap. :--,x. 


Central  and  Western  Parts  of  the  Paris  Basin. 


There  can  be  no  doubt  that  the  beds  which  have  just  been 
described  as  representing  our  Selbomian  stage  along  the  eastern 
border  of  the  Paris  basin  sweep  westward  Iwneath  its  central 
portion. 

The  continuity  of  this  basin,  however,  is  interrupted  by  an 
anticlinal  flexure  the  axis  of  which  runs  in  a  direction  from 
north-west  to  south-east.  This  is  known  as  the  "  axis  du  Bray," 
and  is  bcHeved  to  be  a  continuation  of  the  anticline  whicli  runs 
through  South  Dorset  and  the  Isle  of  Wight.  A  loail  bombement 
or  bulging  up  of  the  anticlinal  arch  brings  the  Gaize,  Gault,  and 
Lower  Cretaceous  Scries  up  to  the  surface  along  a  tract  of 
ground  which  is  known  as  the  Pays  de  Bray,  and  which  may  be 
described  as  a  miniature  Weald.  It  runs  through  parts  of  the 
Departments  of  the  Seine  Inferieur  and  of  the  Oise,  from 
Neuchatel  to  Noailles.  and  the  outcrops  of  the  Gault  and  Gaizo 
have  a  length  of  about  38  miles. 

In  this  tract  the  beds  dip  steeply  to  the  north-east,  and  are 
broken  by  a  fault  along  that  Dorder,  while  on  the  south-west  side 
they  have  only  a  slight  inclination.  In  this  respect  the  structure 
of  the  arch  resembles  that  of  the  Isle  of  Wight,  and  still  more 
that  of  the  Vale  of  Wardour. 

The  stratigraphical  succession  in  the  Pays  de  Bray  has  been 
described  by  AL  de  J"  '  '        '  '  ' '        ' 


I  Lapparcnt,  and  from  his  account'  we  loam 


■  Le  Pays  de  Bray,  4to.,  Paris,  I87&. 
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that  the  beds  with  which  we  are  now  concerned  are  as  follows  in 
ascendmg  ordei* : — 

Feet 

1.  Sables  verts 66  to  130 

2.  Argile  du  Gault  k  Am.  Deluci    -        .        -  20 

3.  Gaize  k  Am.  inflaULS 130  to  150 

The  greensands  below  tlic  Gault  clay  appear  to  correspond 
with  the  sands  of  the  zone  of  Ammonites  Ttutmviillafvji,  but 
they  have  not  yielded  many  fossils. 

The  overlying  clay  represents  the  zone  of  Ainmonites  inters 
ruptus,  A.  DelucihGinga  variety  of  that  species.  Avi.  splendens 
and  other  fossils  also  occur,  and  the  clay  terms  a  band  of  regular 
thickness  from  one  end  of  the  district  to  the  other,  though  it  is 
faulted  out  in  places  along  the  north-eastern  border. 

The  Gaize,  from  M.  de  Lapparent's  own  descriptions,  is  evidently 
inseparable  stratigraphically  from  the  Gault ;  indeed,  it  is  only 
the  upper  part  wnicn  is  really  gaize  (40  to  50  feet),  the  lower 
parts  consisting  of  soft  bluish  micaceous  marls  which  become 
more  and  more  argillaceous  towards  the  base,  and  to  the  north 
of  Sommery  the  whole  thickness  consists  of  such  marls  without 
any  true  gaize  at  all.  Where  the  Gaize  is  developed  it  resembles 
that  of  Argonne  and  the  malmstone  of  England,  being  a  friable 
siliceous  rock,  grey  when  damp,  but  drying  to  a  wnitish  or 
yellowish  grey,  and  remarkable  for  its  porosity,  lightness,  and 
roughness.  An  analysis  of  a  sample  from  Sonmiery  g«ave  the 
ollowing  results : — 

Silica  soluble  in  potash 33*00 

Insoluble  silica 4:2*52 

Alumina 1*57 

Peroxide  of  iron 1*40 

Lime 7*20 

Magnesia 3*00 

Loss  by  calcination 11  '33 

100*00 

The  rock  often  contains  harder  lumps  and  siliceous  concretions 
which  are  sometimes  of  a  flinty  nature,  but,  like  those  of  our 
English  malmstone,  adhere  to  the  surrounding  mass,  and  do  not 
separate  themselves  like  the  flints  of  the  Chalk. 

No  fossils  are  recorded  from  the  micaceous  marls,  nor  are 
they  common  in  the  g^AZQ^hwl  Amirwnitea  injlatu^s,  din.aiiritus, 
Ani.falcatwil,  Naatilas  elegaiis,  Pecten  elon4jatii8,And  PliaUulu 
have  been  foimd. 

Before  leaving  the  central  part  of  the  Paris  basin  it  will  be 
convenient  to  give  some  particulars  of  two  deep  borings,  both  of 
which  have  traversed  the  clays  of  the  Gault.  The  first  of  these 
is  a  boring  at  La  Chapelle  in  St.  Denis  (Paris),  which  was 
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commenced  in  1867  and  finished  in  1872.     The  second  is  a 
recent  boring  at  Piiys,  near  Dieppe. 

The  site  of  the  Chapelle  bonng  is  157  feet  above  the  sea.  It 
traversed  tlic  Parisian  Tertiaries  and  the  whole  of  the  Chalk,  and 
was  carried  to  a  depth  of  718  metres  (  =  2,355  feet),  being 
successful  in  obtiiining  water  from  the  sands  beneath  the  Gault. 
The  latest  particulars  of  the  beds  referable  to  the  Albian  and 
Oenomanian  in  this  boring  are  those  recently  published  by 
Mons.  G.  F.  DoUfus,  from  a  special  examination  of  marked 
siimples  in  his  possession.^  The  following  is  a  translation  of 
his  account : — 


/(jlrey  marly  chalk  with  Rhynchonella 
Lower  J  grasmna  and  Teredo  ?  amnhufxenn  - 
Chalk   I  Rather  marly  glauconitic  cnalk,  with 

grey  flints 

/  Very  glauconitic  blue  clay,  with  Pecten 

asjter 

Fine  grey  marl,  slightlv  micaceous 
Fossiliferous  grey  marl,  Pecten  whicu- 

laris 

Black    fossiliferous   marly  clay  with 
Inoceramus  concentrtcus  -        -        - 


Gaize 

and 

Gault 


Thickness 
in  Feet. 


Coarse  glauconitic  sand  with  phos-  ^ 
phatic  nodules  ;  A m,  Deluci  ( =  inter-  I 
ruptiis\  Am.  Rauliniunus^  Am,  j 
7'otnndu8  -----  / 


92 

105 

32i 

20 

Not 
stated. 


Denth 
in  Feet. 


Base  at 
2,046i 

2,138j 

2,155 
2,260 

2,292^ 

2,312^ 


I  have  grouped  the  beds  according  to  my  own  views,  for  M. 
Dollfus  regards  the  chalk  with  Rh,  Ura^iana  at  Turonian,  and 
refers  all  the  rest,  except  the  coarse  sand  with  A  in.  interruptus, 
to  the  Cenomanian !  The  black  cla}^  can  hardly  be  other  than 
Lower  Gault^ahd  the  succeeding  beds,  including  that  with  Pecten 
asper,  seem  comparable  with  the  clays  and  marls  of  the  Sussex 
facies  of  Gault.  In  all  probability,  the  two  highest  divisions  with 
a  thickness  of  121 1  feet  represent  the  Gaize  and  the  zone  of 
Aimuaaltes  rostratihs,  while  the  overlying  beds  seem  to  be  the 
equivalents  of  our  Chalk  Marl. 

If  my  view  of  the  correlation  is  correct,  and  if  the  sands  in 
which  water  was  found  belong  to  the  zone  of  Am.  inamrnillatus, 
the  beds  which  represent  our  Selborinan  stage  have  a  total  thick- 
ness of  nearly  217  feet. 

The  boring  ne^ir  Dieppe,  north-west  of  the  Pays  de  Bray, 
was  completed  in  1897,  and  has  been  recently  described  by  me 
from  infonnation  communicated  by  M.  Dollfus.^     The  site  is  at 


*  "  Feuille  des  Jeunes  Naturalistes,'  Series  III.,  F^vrier,  1898. 
^  Geol.  Mag.,  Dec.  4.,  vol.  vii.,  p.  25. 
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a  feather-edge;  it  is  the  border  of  a  lenticular  mass  (lentille)  of 
arenaceous  material  forming  part  of  an  argillaceous  formation 
and  having  the  fauna  of  that  formation."  ^ 

A  peculiarity  of  the  Gaize  de  I'Argonne  is  that  it  contains 
a  layer  of  phosphatic  nodules.  Between  Grand  Pre  and 
Montblainvillo  this  layer  is  from  80  to  50  feet  above  its 
bfisc,  but  sometimes  it  is  at  the  base.  The  nodules  are  known 
by  the  workmen  as  coquin-s  riches^  because  they  contain  a 
larger  amount  of  phosphate  than  the  coqidns  de  sable  of  the 
lower  beds;  they  are  black,  like  those  of  Cambridge,  rolled, 
worn,  and  covered  with  small  shells  and  Scrjmlai,  so  that 
Dr.  Barrois  regards  them  as  derived  either  from  the  lower 
part  of  the  gaize  or  from  clays  which  have  been  destroyed. 

It  seems  to  us  that  further  investigation  is  needed  here, 
for  we  are  not  told  whether  the  gaize  below  contains  fossils, 
or  whether  this  bed  of  nodules  passes  into  the  clays  where 
the  gaize  is  replaced  by  them  southwards,  as  it  should  do 
if  it  keeps  to  one  stratigraphical  horizon. 

Marne  and  Haute-Manie. — Beyond  the  district  of  Argonne 
the  succession  remains  nearlv  constant,  all  the  three  zones 
being  present,  and  the  two  higher  of  these  subdivisions 
maintaining  a  great  thickness,  as  given  below : — 

Feet, 

Marly  clays  of  the  zone  of  Am,  inflntiis  -        -        -  300  to  330 

Clay.s  of  the  Lower  Gault       -      '  -        -        -        -  100  to  130 

Sands  of  the  Am.  mammilhtus  zone      -        -        -    25  to    30 

The  total  thickness  varying  from  430-480  feet. 

Department  of  the  Axihe. — In  this  department  the  outcrop 
of  the  Gault  clays  occupies  so  wide  a  tract  of  country  that 
many  brickyards  have  oeen  opened  in  it,  and  from  these 
excavations  large  numbers  of  fine  fossils  have  been  obtained. 
It  was  from  this  region  that  d'Orbigny  obtained  his  Gault  fossils, 
and  on  this  account  he  gave  the  name  of  Alhien  to  the  stage 
that  could  be  recognised  by  this  fauna. 

The  general  succession  is  much  the  same  as  that  of  the 
Marne.  The  giey  marly  clays  of  the  Upper  Gault  continue 
to  be  from  230  to  250  feet  thick ;  the  clays  of  the  Lower  Gault 
(zone  of  Am.  Inten^^iiptas)  are  over  100  feet,  and  include  at  Gaty 
a  layer  of  small  septarian  nodules  from  which  many  fossils 
have  been  obtained.  At  the  base  are  the  sands  of  the  Am, 
mammilUitfis  zone,  or,  as  they  used  to  to  be  called,  the  "sables 
verts  inferieurs,"  from  20  to  30  feet  thick. 

The  Gault  of  Brienne  has  been  specially  studied  by  M, 
Delatour,-  who  has  recognised  a  certain  subzonal  distribution  of 
the  fossils.  The  succession  given  by  him  is  as  follows,  and 
applies  to  the  whole  district  of  the  Perthois  lying  between  the 
Seme  and  the  Ornain  rivers : — 

Zone  k  Am.  rostratus         -        -        -        -  \ 
„    k    Kingena   lima   and     Pecten   rau-    I 

Upper  linianus  - /  230  feet. 

Gault.  „    k   Am.    varicoftus    and    Inoceramus 

siilcatus  .-.--- 
Ferruginous  conglomerate  -        -        -        -  2    „ 

*  Ann.  8oc.  Geol.  Nord,  vol.  ii.,  p.  24  (1875). 

-  Bull.  SiX?.  Geol.  de  France,  Ber.  3,  tome,  v ,  p.  22,  revised  in  Price'5% 
**  lecture  on  the  Gault,"  1879,  p.  38  (Taylor  and  Francis). 
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Zone  a  Am.  splendens         -        -        about  50  feet 

„    k  Am.  interruptus      -        -  „  65    , 

Lower  "    a  Crustacea \ 

Gault  "    ^  Hamites  rotundus  -        -        -        -  S  50    „ 

„    k  Belemnites  minimus        -        -        -  j 

,  Sands  of  the  A.  raammillatus  zone  \  „^ 

without  fossils j  -^    ,» 

Mr.  Price  has  kindly  allowed  us  to  see  the  letters  and  lists 
communicated  to  him  by  M.  Delatour,  and  from  them  we  have 
gleaned  the  following  facts. 

The  lowest  part  of  the  Gault  clay  is  characterised  by  the 
abundance  of  BelerttnUes  minimus,  which  does  not  range  above 
it.  It  is  divisible  into  three  parts,  which  seem  equivalent  to 
the  beds  1,  2,  3  of  Mr.  Price  at  Folkestone.  No.  1  is  divided 
from  2  by  a  layer  of  phosphatic  nodules  with  rolled  fragments 
of  Am.  (lenaria^y  Am.  maramillatas,  Dentalium  decutisatum 
and  Ostrea.  camdiculata,  but  none  of  these  beds  contiiin  Am. 
interriiptiis.     The  thicknesses  of  the  several  beds  are  not  given. 

In  the  clays  above,  Am.  interrujdn^s  is  common,  together 
with  Am.  denarius  and  Am.  Beudanti  and  manv  other  well- 
known  species.  He  cannot,  however,  separate  this  into  sub- 
zones,  but  regards  the  whole  as  corresponding  with  beds  4.  5' 
and  6  of  Price  s  Folkestone  section. 

His  zone  of  ^4  7/1.  splendent  mi^ht  have  been  named  the  zone 
of  Am.  aurituSy  since  that  fossil  is  particularly  common  and 
does  not  occur  below.  It  is  clearlv  equivalent  to  Mr.  Price's 
Bed  7,  in  which  auritus  is  equally  common.  M.  Delatour, 
moreover,  has  found  in  it  Epiaster  ricardeanas,  and  believes  it 
to  be  the  continuation  of  tne  zone  of  Ep.  ricardeanns  which 
overUes  the  sables  de  Frecambault  at  St.  Florentin,  and  he  has 
traced  it  northwards  to  Montierender  in  the  Haute  Mame,  where 
it  IS  overlain  by  a  bed  of  ferruginous  conglomerate.  This  is 
important,  as  Dr.  Barrels  had  not  been  able  to  trace  the  zone  of 
Ep.  ricordeanus  into  the  Haute  Marne. 

Above  the  conglomerate  there  is  marly  clay  with  Ammonites 
varicosus  and  Inoceramiis  sulcatus,  the  latter  in  great  abund- 
ance ;  this  has  its  counterpart  in  Mr.  Price's  Bed  9  ot 
Folkestone.  Its  outcrop  passes  through  the  town  of  Brienne, 
where  M.  Delatour  found  two  hard  beds  of  marly  limestone,  the 
lower  one  crowded  with  Am,,  varicosus  and  Inoc.  sulcatuSy  while 
in  the  upper  band  he  found  a  large  keeled  Ammonite  which 
may  be  Am.  rostratus.  The  total  thickness  of  the  zone  was  not 
ascertained. 

Above  this  come  beds  in  which  Pecten  raulinianus  and 
Kinycna  lima  are  common,  just  as  at  Folkestone  ("Bed  10),  and 
lastly  a  great  thickness  of  marly  clays,  in  which  fossils  are  rare, 
except  OstreAi  canalicuUtUfy  but  from  which  Dr.  Barrois  obtained 
Am.  rostratus  at  Lamvour  and  Venizy. 

The  marls  above  the  conglomerate  are  ranked  by  M.  Dehitour 
as  '*  Argiles  Cenomaiiiennes,"  but  that  is  only  because  the 
"  assise  k  Am.  injlatus "  is  at  the  present  time  excluded  from 
the  Albien  in  France;  they  are  none  the  less  absolutely  syn- 
chronous with  our  Upper  Gault. 
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The   following   m  a  zonal   list   of    the    fossils  found   in   the 
Lower  Gault  of  the  Pcrthois  district  by  M.  Delatour : — 


I. 

IV. 
V.VI. 

VII. 

- 

Cephalopoda. 

„          Archiacinus,  (fOi-t.  - 
Beudanti,  Bi-onff.      - 
bouchardmnuH,  iTOii. 
Delaraei,  dOrfi. 
„          denarius,  6'oie.  - 
„          Deahayesii,  Zgcnt. 
„          dupiniftiius,  (fOi-lr.    - 
„          itierianua,  rTOi-ff. 

inteiTUptilB,  Jru{/.     - 

"          Lyelli,  Leyta.    - 

mammilla tU8^  SehhilA. 
„          roissyanus,  aOrb.     - 
,.          aplendens,  Sow. 
„          vcrsicoatfttUft,  Mic/i.  - 
Hamitea  alt«rnatua,  J/nn(.  - 

„       bouchardiftnus,  (VWi.   - 
„       rotundus,  Sou: 
Tunililea  catanatua,  (TOrb. 
Buleiiiiiites  minimuB,  Li*t«r 

Oastebopoda. 

AiwrrbaiB  carinata,  i'ow. 
Cerithium  subapinosum,  Dah.    - 

trinionile,  Mick. 
Dentiiliuin  deciisaatuin,  Soir. 
Natica  gavdtina,  cTOrb. 
Biasoiiia  Sowerbyi,  Gard.    - 
Solariuiu  conoideufflj  .Vow.  - 

ornatmu,  •^•w. 
Turntella  vil)rayeaiia,  tfOrfi. 

Lamkllibraxchiata. 
Area  (CucuUiea)  nana,  (TOrb.      - 

„         gUhk,  Part. 
Anomia 

Cardita  tcnuitosta,  Sow.      - 
inoceramiis  concentriciw,  Fnrk.  ■ 

Nuciila  albenais,  (TO)-''.        - 
„       bivirgata,  Sow. 
pectinata.  Sow. 

Ostrea  canaliciilata,  AW.    - 

Heiiromya  gurgifis,  !  Bninff. 
Plieatula  pectinoides,  Sotp. 
Trigonia  Fittoni,  Dtuh. 
I>alffiocor7stes  Stokesi,  Mant.      - 
(Crabs  not  determined)       - 
Epiaster  ricordeanUB,  cTOrb. 
Trochocyathua  conulua,  Sdw.      - 

: 

X 

- 
- 

X 

X 

X 
X 

X 
X 

X 

X 

X 

s 

X 
X 

X 

1 

X 

1 

X 

X 

X 

X 
X 

X 
X 
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The  following  ia  a  list  of  fossils  from  the  Zone  of  Atn/moniteK 
inflatua  in  the  Anbe,  Mame,  and  Ardennes,  the  first  column 
showii^  how  miny  of  the  species  range  up  from  the  zone  of 
Am,,  intemiptus. 


Vbbtebkata. 

Polyiitycliodon  interrujitus,  Oinen- 
Lnmiin  ai.'uininata.  A(i.  - 

„      a|ipendiculata,  Ag.     - 
Oxyrhina  mocrorhiza,  P.  &  Camp. 
Ounicroidea  lewesienaia,  Ag. 
ScajianorhynchuM  raphiodon,  Ag.  - 


Cephalopoda. 


BcleiDnitea  niiiiioius,  List.     - 
Kautilua  clementinus,  tTOj-b. 
„         laivigatUH,  (TOi-li.    - 
„        radiatuH,  ifOrfi.  (?  Albensia) 


candolieannM,  P.  &  Cniap.  ■ 
catillua,  Sme.      .        -        .        - 
inflatiis,  Sow.  (^^roatnitua,  Sow.) 
falcntiiH,  Mant.  {?  ctelonotne) 
MantoUi,  Sow.  <f)         -         -         - 
raulinianuB,  tVOrb. 
renauxianus,  dOrh.    - 
BiileiKlms  Saw.  -        -        -        - 
Btuduri,  /',  (fc  Camp.  - 
xelliguinQs,  Binnfi.  (1  iKvigntiis)- 
varicosus,  Sow.  -        .        -        - 
LB  alternatuH,  Mant. 
„         umiatuB,  Sme.      -        -        .        . 
J,         inoreausianiis,  <VOrb.   -        -        - 
HaiuiteH  attenautiiB,  Sow.      .        -        -        - 
„        intern iwliuss  Sow.  (=rotvindiis,  rrOrl.) 
„        virgulatua,  rf"0c6.    -        -        -        - 
IJaoulites  baculoide.'S  rFOi-tt.  -        -        - 

Oaudini,  P.AC.  - 
Turrilites  Bergen,  BroH{/.      -        -        -        - 
„        puzosianuM,  iTOrh.- 


Oastekofoda. 

Avellana  Clementina,  ti^Orb.  (Ringinella) 
„        hugardiaiia,  tSOrh. 
„        iiicmssatft.  Sow. 


r 
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1 

i 

1 
1 

! 

i 

1 

aASTgBOPODA— TOH(. 

Avellana  pulchella,  Fnct      ■ 

nmJiniana,  <fOr6.  - 
Cerithiuui  luoaenac,  Buv. 

„         vibrayeanmu,  i^Orb. 
Aporrhaia  cariiiata,  .Van*.      - 

„         Parkinsoni,  Sow.  - 

Fusus  fti-tCOll,  '{Orb. 
„      plnthi-.itii.^,  Sow.  - 
„      rtiHtitus,  ,sV,ni.      - 
„     sp.  (lite  trunculus,  Pirt.)    - 

Murex  biliiieatus,  Pict.  - 
Natica  gaultina,  (FOrb.  C=Genti,  AW.) 
Pleurotomaria  moreauHiana,  /TOrii. 
Rhodani,  P.  A  Roux 
Thurmanni,  P.  &  Roux 
„             vraconnensiB,  P.  &  Cam 
„            sp.  (!iku  Margueti,  Rnv. 
RisBoina  iaccrta,  d'OiL 
Solarium  cirrhoide,  ifOi'ii.    - 
„        dentatum,  Soib. 
„       ornatum,  5(«o. 
„        rochatianuui,  P.  <t  Roux 
„        tingryanum,  P.  &  Roux 
Tnmtella  alteraana  ?,  Riim. 
„         rauliniana,  ^Orb. 
„        vibrayeana,  dOrb, 

LaMELLIBRAN'CBIATA. 

Area  (OiicuUii'ii)  curinata,  Smr.     - 

glabra,  Park.      - 
obeaa.  P.  £  Rour 
Astarte  ief.  dupiniana,  trOrf>.) 
Anomia  radiata,  Sow.  ! 
Avicula  anomala.  Sow.  - 
.1       gryphiRoideN,  Sow.    - 
„        rauliniana,  tfOrb.     - 
„       .lubjilicalit,  iTOrli.     - 

tenuicoataj  Sow. 
„       aD^onaensis,  Buv.     - 
Crassatello,  sji.      -        -        -        . 
Cyprina  ligerienstB,  (TOrb.    - 

HtomtS Wnd^AP.  &  Camp.       ■ 
Inoeeramus  sp,  (like  orbiculariaX  Miiiu 

X 

] 

X 
X 

X 

X 

X 

X 

X 
X 

I 

X 

X 

X 
X 
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Lamellibranchiata— Coh(. 
sulcatUH,  Park.         .... 

„     porrecta,  Rtutg 

Liuia  albeiisis,  if  Orb. 

„     itrchittciana.  Corn.  &  ]iri'irt 

„     parallela,  (fOri.  (non  AW.J - 

„     rouliniana,  cPOrb. 

„     uemiomata,  (fOi*. 

Lucina  pUum,  Sow. 

Nucula  bivirgata,  A'ot*-. 

„       ovata, -Va«t. 

„       obtusa,  Soto. 

„       pectinata,  Sow. 

„       renauxUna,  rf'Orf. 

Ostrea  canaliculata.  Sow. 

„      conica,  AW. 

„      haliotoidea,  Sow.      ... 

„      Lesueuri,  iVOrb. 

„      frona.  Park.  (=nmcropterft,  iTOrb.)  - 

„      Naumanui,  Heutf.             .... 

„      pectinata.  Lam. 

„      plicatula,  Lam.         ..... 

„      rauliniana,  <fOr6,     .        .        -     '  i 

„      sigmoidea,  Reuts 

„      veaicularis,  Lam.       ..... 

X 
X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

'- 

X 
X 

'_ 

X 

I 

X 
X 

X 

X 

X 
X 

X 

X 

X 
X 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

Pocten  asper,  Lam. 

„      Dutemplei,  iPOrb. 

„      depressus.  Gold.  (T  Beaveri)       - 

„      cf.  elongatus.  Lam. 

i 

: 

„      orbicularis,  .SW. 

„      raulinianua,  (VOrb. 

„      BUbdepreasus,  <f  .irrA.        .... 
„      Rhodani, /■■  *  6'am/>.       .... 

„      subacutuB,  dOrb. 

„      (Neithea)  5-co8tata,  So>e.  -        .        -        . 

X, 

X 

, 

Pinna  nioroaiia,  'FOrb. 

„      Galliennei,  ff  OrA. 

„      Neptuni,  iVOi-h. 

„      tctragona.  Sow. 

Pleuroinya  acutioulcata,  iJCOrb.     .... 
aHtieriana  I,  «f  Ofi.       .... 

„         mandibula.  Sow. 

„         pIicata,A'oM(. 

Plicatula  poctinoi-iea,  Sow.    -        -        -        .        . 

X 

X 

X 

X 

I 
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SCRIATA— C'J 


Solen  moreantiH,  / 
Bpondyliwgilibosus,  (fOfi.  - 

Trigonia  EUsa;,  Cm-h.  A  Brian    • 

„        Fittonj,  i>e«A.         .        .        -        - 
„        spinosa,  Park.,  var.  subovata,  Lye. 


ap. 


Venua  rotomagensw,  (fOi-ft.  - 


Brachiopoda. 

Rli]mchone)la  comprcH^^a,  L-wi.    - 
„  grasiana,  iFOrfi. 

„  rectifroQ^  I'ict. 

„  sulc.it.1,  Pnrt- 

Kingena  lima.  De/r. 

Terebratula  autempleana,  <rOi-b. 
„  ovata,  Sotc. 

Waldheimia  sp.     - 


Crustacea  and  Annelida. 


Poilicii>es  uajfuia,  .^'oic.  - 
„  atnatiia,  .Son'. 

Serpula  antiijuata,  .S'wrfi. 
„       gordialia,  &-/doiA.   - 
„        UBvis,  Gold.     - 
„        plexus,  Sow.    • 

Vermicularia  polygonalia,  Sme. 


ECHI NODEBH  AT  A . 


Epiaster  dUtinctus,  Ay. 

Holaster,  ep.         - 

Cidaris  umfonnis,  Songn.    - 

„       Delatouri,  Cott. 
Pseudodiadema  albenfie,  Colt. 
„  Dupini,  Cott. 


Ccratotrochua  inBigiiU,  Dune. 
TrochocyathuH  angulatus,  Dtinc.  - 
„  harveyaniiB,  M.  Ed)v. 
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II 
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1 

1 

4 
1 

1 

1 

SpONfirDA. 

Jerea  pyrifonnia,  Lamx. 1   - 

„      iniitabilis,  i>e/m«ctf    -                -        -        "  1    " 

Ketia  costata,  Sollas '   - 

Bonneyift  sp. ]   - 

Siphoniii  Fittoni,  .\fich. - 

: 

X 

X 

z 

X 

X 

Hydrozoa  ) 
Parkeria  ap, 

_ 

2.    Central  and  WEaxEEN  Parts  of  the  Paris  Basin. 


There  can  be  no  doubt  that  the  beds  which  have  just  been 
described  as  representing  our  Selbomian  st^  along  the  eastern 
border  of  the  Paris  basin  sweep  westward  Mneato  its  central 
portion. 

The  continuity  of  this  basin,  however,  is  interrupted  by  an 
anticlinal  flexure  the  axis  of  which  runs  in  a  direction  from 
north-west  to  south-east  This  is  known  as  the  "  axis  du  Bray," 
and  is  believed  to  be  a  continuation  of  the  anticline  which  runs 
through  South  Dorset  and  the  Isle  of  Wight.  A  local  bmuhemtnt 
or  bulging  up  of  the  anticlinal  arch  brings  the  Gaizo,  Gault,  and 
Lower  Cretaceous  Series  up  to  the  surface  along  a  tract  ot 
ground  which  is  known  as  tno  Pays  de  Bray,  and  which  may  be 
doscribe<l  as  a  miniature  Weald.  It  runs  through  parts  of  the 
Departments  of  the  Seine  Inferieur  and  of  the  Oise,  from 
Neuchatel  to  Noailles,  and  the  outcrops  of  the  Gault  and  Gaize 
have  a  length  of  about  38  miles. 

In  this  tract  the  beds  dip  steeply  to  the  north-east,  and  are 
broken  by  a  fault  along  that  Dorder,  while  on  the  south-west  side 
they  have  only  a  slight  inclination.  In  this  respect  the  structure 
of  the  arch  resembles  that  of  the  Isle  of  Wight,  and  still  more 
that  of  the  Vale  of  Wardour. 

The  stratigraphieal  succession  in  the  Pays  de  Bray  has  been 
described  by  M,  de  Lapparent,  and  from  his  account'  we  learn 


■  Le  Paya  de  Bray,  4to.,  Paris,  1879. 
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that  the  beds  with  which  we  are  now  concerned  are  as  follows  in 
ascendhig  order : — 

Feet 

1.  Sables  verts G6  to  130 

2.  Argile  du  Qault  k  Am.  Deluci    -        -        -  20 

3.  Gaize  k  Am.  in  flat  its 130  to  150 

The  greensands  below  the  Gault  clay  appear  to  correspond 
with  the  sands  of  the  zone  of  Ai)imonlte.H  imtinmillatxiH,  but 
they  have  not  yielded  many  fossils. 

The  overlying  clay  represents  the  zone  of  Aynraonites  inter- 
rwptus,  A.  DelucihGingii  variety  of  that  species.  Am.  spleridens 
and  other  fossils  also  occur,  and  the  clay  torins  a  band  of  regular 
thickness  from  one  end  of  the  district  to  the  other,  though  it  is 
faulted  out  in  places  along  the  north-eastern  border. 

The  Gaize,  from  M.  de  Lapparent's  own  descriptions,  is  evidently 
inseparable  stratigraphically  from  the  Gault ;  indeed,  it  is  only 
the  upper  part  which  is  really  gaize  (40  to  50  feet),  the  lower 
parts  consisting  of  soft  bluish  micaceous  marls  which  become 
more  and  more  argillaceous  towards  the  base,  and  to  the  north 
of  Sommery  the  whole  thickness  consists  of  such  marls  without 
any  true  gaize  at  all.  Where  the  Gaize  is  developed  it  resembles 
that  of  Argonne  and  the  malmstone  of  England,  being  a  friable 
siliceous  rock,  grey  when  damp,  but  drying  to  a  >vhitish  or 
yellowish  grey,  ana  remarkable  for  its  porosity,  lightness,  and 
roughness.  An  analysis  of  a  sample  from  Sonmiery  gave  the 
oUowing  results : — 

Silica  soluble  in  potash 33*00 

Insoluble  silica 42T)^ 

Alumina -        -  1*57 

Peroxide  of  iron 1*40 

Lime 7*20 

Magnesia 3*00 

Loss  by  calcination 11 '3,3 

100*(X) 

The  rock  often  contains  harder  lumps  and  siliceous  concretions 
which  are  sometimes  of  a  flinty  nature,  but,  like  those  of  our 
English  malmstone,  adhere  to  the  surrounding  mass,  and  do  not 
separate  themselves  like  the  flints  of  the  Chalk. 

No  fossils  are  recorded  from  the  micaceous  marls,  nor  are 
they  common  in  the  gaizo,hut  Ammonites  infiatas^  ^in.aiiritaH, 
Avii,  falcatiis  ?,  Nautilus  elegaiis,  Feeten  elongat as, and  Plicatula 
have  been  found. 

Before  leaving  the  central  part  of  the  Paris  basin  it  will  be 
convenient  to  give  some  particulars  of  two  deep  borings,  both  of 
which  have  traversed  the  clays  of  the  Gault.  The  first  of  these 
is  a  boring  at  La  Chapelle  in  St.  Denis  (Paris),  which  was 
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commenced  in  1867  and  finished  in  1872.     The  second   is  a 
recent  boring  at  Pivys,  near  Dieppe. 

The  site  of  the  Chapelle  bormg  is  157  feet  above  the  sea.  It 
traversed  the  Parisian  Tertiarios  and  the  whole  of  the  Chalk,  and 
was  carried  to  a  depth  of  718  metres  (  =  2,355  feet),  being 
successful  in  obUiining  water  from  the  sands  beneath  the  Gault. 
Tlie  latest  particulars  of  the  beds  referable  to  the  Albian  and 
Oenomanian  in  this  boring  are  those  recently  published  by 
Mons.  G.  F.  DoUfus,  from  a  special  examination  of  marked 
samples  in  his  possession.^  Tlie  following  is  a  translation  of 
his  account : — 


'  Thickness 
in  Feet. 


fihey  marly  chalk  with  Rhynchonelln 
Lower  J  giusiarui  and  IWedo  ?  aynphubcena  - 
Chalk   I  Rather  marly  glauconitic  cnalk,  with 

grey  flints 

/  Very  glauconitic  blue  clay,  with  Pecten 

axjktv 

Fine  ^ey  marl,  slightly  micaceous 
Fossiliferous  grey  marl,  PecUn  orbicu- 
laris          

Black    fossiliferous   marly  clay  with 
Inoceramus  concentricas  - 


Gaize 

and 

Gault 


■\ 


Coarse    glauconitic  sand  with  phos-  ^ 
phatic nodules ;  Am,  Deluci ( =  inter-   I 


ni/ftu^\     Am,    Raulijiiiiniis,    Am. 
rotunduB 


J 


92 

105 

32i 

20 

Not 
stated. 


Depth 
in  Feet. 


Base  at 
2,046i 

2,138i 

2,155 
2,260 

2,292^ 

2,312^ 


I  have  grouped  the  beds  according  to  my  own  views,  for  M. 
DoUfus  regards  the  chalk  with  Rh,  Grasutna  at  Turonian,  and 
refers  all  the  rest,  except  the  coarse  sand  with  Ann,  intermptus, 
to  the  Cenomanian !  The  black  cla^  can  hardly  be  other  than 
Lower  Gault^ahd  the  succeeding  beds,  including  that  with  Pecten 
dsper,  seem  comparable  with  the  clays  and  marls  of  the  Sussex 
facies  of  Gault.  in  all  probability,  the  two  highest  divisions  with 
a  thickness  of  121 J  feet  represent  the  Gaize  and  the  zone  of 
Aimnanites  rostratu^i,  while  the  overlying  beds  seem  to  be  the 
equivalents  of  our  Chalk  Marl. 

If  my  view  of  the  correlation  is  correct,  and  if  the  sands  in 
which  water  was  found  belong  to  the  zone  of  Am.  inammillahis, 
the  beds  which  represent  our  Selborinan  stage  have  a  total  thick- 
ness of  nearly  217  feet. 

The  boring  near  Dieppe,  north-west  of  the  Pays  de  Bray, 
was  completed  m  1897,  and  has  been  recently  described  by  me 
from  information  communicated  by  M.  Dollfus.^    The  site  is  at 


*  "  Feuille  des  Jeunes  Naturalistes,'  Series  TIL,  F^vrier,  1898. 
^-  Geol.  Mag.,  Dec.  4.,  vol.  vii.,  p.  25. 
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an  hotel  close  to  the  sea,  north-east  of    Dieppe,  and  about 
45  feet  above  sea-level.     The  beds  traversed  were  as  follows : — 


Description  of  Beds. 


Thickness. 

Depth. 

Feet. 

Feet, 

9 

9 

194-3 

203*3 

26-2 

229*5 

13-1 

242*6 

47 

289-6 

74-4 

364* 

06-4 

430*4 

48-4 

478-8 

33*4 

512-2 

6-9 

5197 

135-1 

654*2 

22*3 

676*5 

10-3 

686*8 

6-7 

693-5 

Soil 


p  c 


O   eS 


3 


and  Chalk  (dug  out^ 

(White  marly  chalK 
iSoft  white  chalk  with  a  layer  of  grey  marl 
Greyish  chalk  with  flints  -  -  -  - 
Hard  white  chalk 

(Hard  chalk 
Grey  chalk 
Grey  chalk  with  a  layer  of  flints 
Greenish  sandy  clay  [marl]  .  .  - 
Green  sandy  clay  [marl]  -  -  -  - 
(Black  clay 
Green  argillaceous  sand  -  -  -  - 
Grey  sand 
Sandy  black  clay 


From  this  it  would  appear  that  Gault  clays  were  reached  as 
soon  as  the  base  of  the  chalk  was  reached,  and  that  the  lower 
part  of  the  Upper  Gault  is  very  sandy,  the  grey  sand  being  clean 
quartzose  sand  and  yielding  a  supply  of  water  which  overflowed 
copiously  at  the  surface.  The  black  sandy  clay  below  may  be 
regarded  as  Lower  Gault,  but  as  it  was  not  pierced,  the  total 
thickness  of  the  formation  is  not  known.  The  thickness  proved 
is  over  174  feet. 


In  passing  westward  from  the  Pays  de  Bray  beneath  the  Chalk, 
the  light  green  sands  thin  out  altogether,  and  the  overlying  beds 
are  much  reduced  in  thickness,  for  when  they  reappear  m  the 
neighbourhood  of  Havre  the  Gault  and  Gaize  do  not  exceed 
60  feet.  At  Cauville,  about  7  miles  N.E.  of  Havre,  there  is 
probably  about  50  feet,  but  in  the  coast  section  between  Octeville 
and  Cap  la  Hfeve  the  thickness  is  everjrwhere  less. 

The  following  measurements  were  taken  by  Mr.  W.  Hill  at  a 
point  nearly  a  mile  east  of  Cap  la  Heve^ : — 


Glauconitic  Marl  with  phosphatic  nodules — 


Gaize 


< 


Bluish-grey  glauconitic  marl  with  a  course  of  hard 

siliceous  doggers  at  the  base      -        - 
Darker  greyish-blue  sandy  glauconitic  marl  with 
doggers  of  hard  siliceous  stone  -        -        -        - 
Dark  blue-grey  sandy  marl  with  three  layers  of 

large  siliceous  doggers       -        -        - 
Blue-grey  sandy  and  rather  glauconitic  marl  with 
smaller  concretions  of  siliceous  stone 
f  Very  dark,  nearly  black,  marly  and  glauconitic 
Gault  <      clay,  with   a  layer  of  phosphatic  nodules  at 

I     the  base 10 


Ft.  Ins. 


\ 


3    6 


0 


4     9 


11     0 


0 


36    3 


'  See  Quart  Journ.  Geol.  Soc,  vol.  lii.,  p.  119, 1896. 
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Below  the  lighthouses  of  La  H^ve  the  thickness  is  still  lurther 
reduced,  the  Gaize  being  about  24  feet  and  the  Gault  less  than 
4  feet,  so  that  the  total  there  is  only  28  feet. 

The  Gault  rests  on  a  coarse  pebbly  brown  sand  with  layers  of 
ferruginous  grit ;  this  is  16  feet  thick  at  the  point  where  the  above 
section  was  taken,  but  under  the  lighthouses  is  only  8  feet.     It 

freatly  resembles  the  Carstone  of  the  Isle  of  Wight,  and  has 
een  referred  to  the  Gault  by  Hubert  and  other  French  geolo- 
gists ;  its  fossils  are  chiefly  casts,  and  have  not  yet  been  worked 
out  by  anyone  having  acquaintance  with  the  similar  fossils  of 
our  Ejiglish  Lower  Greensand,  but  Ostrea  aquila  {  =  Exogyra 
nimtatit)  is  found  in  it,  and  Messrs.  Lennier  and  DoUfus  agree 
in  considering  the  deposit  to  be  of  Aptian,  not  of  Albian  age. 

The  Gault  has  yielded  very  few  fossils  in  this  coast-section, 
but  there  can  be  no  doubt  that  it  is  the  attenuated  representative 
of  the  zone  of  Atumonifes  interriiptus,  for  the  gibbose  variety  of 
that  species  {Am.  Delaci)  has  been  found  in  it. 

The  overlying  Gaize  is  more  fossiliferous,  especially  in  the 
hard  siliceous  concretions,  and  M.  DoUfus  has  recently  published 
a  list  of  the  fossils  obtained  from  these  beds,  from  specimens  in 
the  Havre  Museum  and  in  the  collections  of  Messrs.  Fortin, 
Le  Marchand,  and  himself  Mr.  Hill  found  several  which  are 
not  found  in  his  list,  and  for  the  naming  of  which  I  am 
responsible.  The  following  is  a  complete  list  of  the  fauna  so  far 
as  it  is  known  at  present : — 


» 


»» 


)) 


j> 


Ammonites  rostratus,  Sow. 

auritus,  Sow. 

rauliiiijinus,  cTOrb. 

splendens,  Sow. 

mayorianus  ?,  (TOrb. 
«  latidorsatus  ?,  d^Orb. 

Nautilus  albensis  ?,  (TOrb.^ 
Avellana  incrassata,  Sow. 
Turix)  Triboleti,  P.  dc  Camp. 
Area  rCucullaea)  fibrosa,  Smv. 
Avicula  rauliniana  ?,  cCOrb. 
Exogyra  conica,  Smv. 
Inoceramus  concentricus,  Park. 
Lucina,  cf.  lenticularis,  Gold/. 
Ostrea  canaliculata,  Sow. 


Ostrea  vesicularis,  aSow. 
Pleuromya  plicata,  Sow. 
Pecten  orbicularis,  Smv. 
Pinna  (two  species! 
Thetis  Soweroyi,  lidfu. 
Trigonia  heva,  Dollf. 
Rhynchonella  convexa,  Sow. 
Cardiaster  bicarinatus,  Ag. 
Epiaster  crassissimus,  Dtfr. 

„        distinctus,  Ag. 

„        sulcatus,  Ihijc. 
Hemiaster  difficilis,  Bu<:. 
Hoi  aster  Ifevis.  Ag. 

„        suboroicularis,  Brong.  ? 
Pseudodiadema  Normanniaj,  Colt. 


The  assemblage  of  Ammonites  is  sufficient  of  itself  to  show 
that  the  Gaize  of  La  H^ve  belongs  to  the  zone  of  Aravwuiitea 
rostratiis,  and  that  it  is  the  equivalent  of  the  Malmstone  of  Hamp- 
shire (see  p.  Ill)  and  of  the  Gaize  of  Devizes  (see  p.  255).  Here 
again,  however,  the  fauna  has  some  special  local  features,  for  the 
Echinospaiaijus,  so  common  in  our  English  beds,  seem  here  to 
be  replaced  by  species  of  EpUxsteVy  which  range  upward  into  the 
overlying  Cenomanian. 


*  This  .s]>ecie.H  is  given  as  mibradiaUis,  d'Orb.,  by  M.  DoUfus  (=  radiafuSy 
Sow.) ;  ViUt  Messrs.  Foord  and  Crick  have  shown  that  radiritv^  is  a  Lower 
Cretaceous  species.  X.  afbensf's  is  a  closely  allied  species  occurring  in  the 
Upper  Gault. 


Ft. 

In, 

2 

0 

2 

6 

0 

9 

7 

0 

40 

0 
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It  is  also  noticeable  that  there  is  nothing  near  Havre  which 
corresponds  to  our  Chert  beds  or  to  the  fossiTiferous  Warminster 
Greensand,  with  its  niuneroiis  Pectens  and  small  Echinoderms. 
As,  however,  these  Chert  beds  and  associated  sands  thin  out 
and  disappear  to  the  north  of  Devizes,  and  also  to  the  southward 
in  North  Dorset,  and  do  not  exist  in  our  south-eastern  counties, 
it  can  cause  no  surprise  to  find  that  they  do  not  occur  in 
France. 

Passing  across  the  mouth  of  the  Seine  to  Honfleur,  the  Gaize 
is  again  found,  and  can  be  traced  westward  to  Trouville,  but 
is  not  discernible  beyond  that  place. 

Near  Lisieux,  which  is  about  18  miles  south  of  Honfleur,  there 
is  a  good  section  in  a  large  sand-pit,  which  is  recorded  by  Mr. 
Hill  as  follows  (Op.  cit.  p.  127): — 

Sandy  soil  and  rubble  of  cherts 

Very  glauconitic  and  rather  marly  sand      .... 

Dark  grey  greasy  clay 

Coarse  brown  pebbly  grit  with  many  light- brown  phos- 
phates and  much  fossil  wood  {Carstmie)  -        -        -        - 
Corcdlianj  white  micaceous  sand        -        -        -         about 

At  the  top  of  the  ^t  and  at  its  junction  with  the  clay 
some  fossils  were  obtamed  by  M.  Bigot,  of  Caen,  who  kindly 
sent  them  to  us  for  inspection.  They  included  ATurrurnit^^ 
interrupfus  and  var.  Deluci,  Pertev  orbicularis,  and  Cacullcea 
fibrosa  L  Here,  therefore,  we  have  the  zone  of  ArriTnonites 
interruptiis  on  the  point  of  thinm'ng  out,  for  it  is  only  9  inches 
thick,  but  it  seems  to  persist  as  far  up  the  valley  of  the  Touques 
as  the  village  of  Fauvaque,  where  a  snxall  quarrv  showed 
glauconitic  sand  resting  on  a  thin  layer  of  clay,  beneatn  which  is 
the  Corallian. 

Beyond  this  the  Gaize  is  represented  by  soft  dark -grey 
glauconitic  sand,  passing  up  into  greenish  grey  marly  sand  in 
which  Pecten  asper  occurs  occasionally.  The  combined  thick- 
ness of  these  sands  is  only  10  or  12  feet,  but  they  persist 
southward,  and  in  the  Departments  of  TOme  and  la  Sartne  the 
band  is  known  as  the  " glanconie  a  Oatrea  vesicvlosa"  from  the 
common  occurrence  of  that  shell. 

At  Vimoutiers  there  is  from  7  to  9  feet  of  such  sand,  dark 
and  argillaceous  in  the  lower  TOrt,  but  a  bright  green  sand  in  the 
upper  part.  M.  Lecoeur  of  Vimoutiers  sent  me  in  1899  some 
small  fossils  which  he  had  obtained  from  the  upper  part,  and 
they  are  such  as  might  occur  in  the  highest  bea  of  the 
Warminster  Greensand.  They  include  fragments  of  Tv/rrilitea 
Bergeri,  AtnTnonitea  Cowpei,  Pecten  asper,  RhynchoneUa 
gra^iana,  and  Porosphcera  urceolata.  We  have  the  authority 
of  Mons.  G.  Dollfiis  for  stating  that  near  Le  Mans  this  green- 
sand contains  the  following  species : — AninioTiites  rostratus. 
Nautilus  svhelegans  (?  atlas,  Whiteaves),  Ostrexi  vesiculosa, 
Pecten  asper,  and  Hemiaster  bufo.  He  regards  it  as  the 
base  of  the  Cenomanian,  but  he  cioes  not  deny  that  it  is  the 
representative  of  the  Gaize.     In  our  opinion,  if  it  represents 
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the  Gaize  (i.e.,  the  zone  of  Ammonites  inflatua),  it  should  be 
dissociated  from  the  Cenoraanian,  and  this  was  the  view  taken 
by  M.  de  Lapparent  in  the  second  edition  of  his  "Traits  de 
(j^ologie  "  (1885),  though  in  the  third  edition  he  recurred  to  the 
opinion  held  by  M.  Dollfus  and  others. 

The  changes  wliieh  take  place  in  passing  westward  beneath 
the  Paris  basin  ca:  ;*!so  be  traced  along  the  southern  border  of 
the  basin  in  tracinj^  the  outcrops  south-westwards  from  Auxerres 
to  Bourges.  Part  <  f  the  Gault  clays  are  replaced  by  sands  which 
form  a  lenticular  ntass,  with  a  maximum  tnickness  of  about  400 
feet,  and  are  known  is  the  Sables  de  Puisayc.  These  get  thinner 
again  in  the  valley  i>f  the  Loire ;  at  Sancerre  the  succession  is  as 
follows : — 

Feet 
Sands  and  pebbly  beds  with  Am,  rosti'atiis  -  -  -  -  36 
Fine  ferruginon    piids  (Sables  de  la  PHiisaye)        -        -        -    130 

Micaceous  clay,  '.vilh  Gault  fossils 100 

Coarse  greensau  .•  j 30 

North  of  Bourges  the  lower  sands  have  thinned  out,  and  a 
diminisjied  thickness  of  Grault  clay  rests  dircctlv  on  the  Aptian 
sandstone.  At  Vierson  to  the  west  this  clay  has  disappeared, 
but  the  overlying  sands  and  gravels  continue  and  are  overlain  by 
glauconitic  clays  and  marls  with  Pecteii  a^per.  The  Gault  sands 
can  be  traced  to  Gracay,  but  thin  out  to  the  south-west,  and 
allow  the  overlying  marls  to  rest  on  the  Jurassic  Rocks.^ 

This  rapid  thinning  out  along  the  southern  outcrop  is  doubt- 
less illustrative  of  what  happens  also  beneath  the  whole  of  the 
south-western  part  of  the  Paris  basin. 


^  See  M.  de  Grossouvre,  "  Sur  le  Terr.  Cret.  dans  le  Sud-ouest  du  Bassin 
de  Paris,"  Bull.  See.  Geol.  France,  Ser.  3.  t.  xvii.  p.  475. 
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CHAPTER  XXVIII. 

PHYSICAL  AND  GEOGRAPHICAL  CONDITIONS  UNDER 

WHICH  THE  GAULT  AND  UPPER  GREENSAND 

(SELBORNIAN)  WERE  ])EPOSITED. 

Geographical  Conditions. 

The  history  of  the  Upper  Cretaceous  deposits  is  the  history  of 
a  gi*eat  subsidence,  and  in  order  to  understand  how  these  de- 
posits came  to  be  spread  out  over  such  a  wide  area  in  western 
Europe,  we  must  briefly  glance  at  the  geographical  conditions 
which  prevailed  in  this  part  of  the  world  during  the  preceding 
epoch. 

At  the  beginning  oi  what  we  call  the  Cret-aceous  period  the 
northern  and  north-western  part  of  France,  with  Belgium,  the 
Channel  area,  the  southern  part  of  the  North  Sea,  and  probably 
the  whole  of  the  British  Isles,  except  parts  of  Yorkshire  and 
Lincolnshire,  was  land:  part  of  a  continent  which  stretched 
eastward  through  the  centre  of  Europe  and  westward  beyond  the 
prej-ent  limits  of  France  and  Ireland. 

This  continent  was  bounded  on  the  north  by  a  sea  which 
seems  to  have  extended  through  Hanover  and  Holland,  and 
across  the  North  Sea  into  Yorkshire;  but  how  this  sea  was  con- 
nected with  the  open  ocean  we  do  not  know.  Neither  do  we 
know  what  lay  to  tne  far  west ;  it  is  very  generally  assumed  that 
the  Atlantic  Ocean  existed  then  as  now,  but  this  is  a  pure 
assumption,  and  it  is  quite  possible  that  the  greater  part  of  the 
North  Atlantic  was  then  land.  To  the  south,  however,  we  know 
that  there  was  a  large  expanse  of  sea,  which  seems  to  have  spread 
from  Asia  Minor,  over  the  whole  of  the  Mediterranean  region, 
and  thence  through  southern  France  and  Spain,  westward  into 
the  central  Atlantic. 

The  Europe  of  the  Cretaceous  period  was  therefore  very  differ- 
ent from  that  of  the  preseut  day;  the  great  mountain  ranges 
of  southern  Europe  did  not  possess  their  present  altitude,  but  its 
surface  was  diversified  with  ranges  of  hills,  plateaux  and  lowlands, 
rivers  and  lakes.  One  tract  t)f  lowland,  including  at  least  one 
large  lake,  occupied  an  area  extending  through  the  south  of 
England  and  a  portion  of  north-eastern  France  west  of  the 
Ardennes,  opening  into  a  bay  of  the  southern  sea  which  lay 
over  the  region  of  the  Jura,  the  Cote  d'Or,  and  the  Haute  Mame. 

During  the  progress  of  the  Lower  Cretaceous  period,  subsi- 
dence enabled  the  sea  to  creep  up  this  traet  of  lowland,  to  enter 
the  Wenlden  lake,  and  to  occujiy  the  south  of  England  as  far 
west  as  tl  e  centre  of  Dorset.  At  the  same  time  tne  northern 
sea  sprcid  southwards  through  Lincoln,  West  Norfolk,  and 
Cambridgeshire,  finally  uniting  its  waters  with  those  of  the 
southern  sea  across  the  middle  of  England. 

The  eastern  limits  of  this  sea  are  fairly  well  known  from  the 
evidence  of  deep  borings,  and  its  western  limits  can  be  inferred 
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with  a  high  amount  of  probability.  The  Speeton  clays  thin  out 
westward  near  Knapton,  and  do  not  reappear  in  South  Yorkshire, 
being  overlapped  by  the  Red  Chalk.  Hence  we  may  infer  that 
the  Lower  Uretaceous  sea  did  not  spread  so  far  west  as  the 
present  boundary  of  the  chalk.  In  Lincolnshire  the  Speeton 
series  reappears  and  thickens  as  the  Cretaceous  escarpment 
trends  to  the  south-east ;  its  shore-line  probably  ran  southward 
from  the  neighbourhood  of  Brigg  to  Sleaford,  and  thence  toward 
the  position  of  Bourn  and  Peterborough.  Beyond  this,  however, 
it  must  have  curved  so  as  to  trend  south-west  through  the 
coimties  of  Bedford,  Buckingham  and  Oxford,  but  the  nature  of 
the  deposits  in  these  coimties  is  such  as  to  render  it  improbable 
that  tne  sea  extended  much,  if  at  all,  beyond  their  western 
borders.  From  Oxfordshire  the  shore  mav  have  passed  through 
a  comer  of  Gloucestershire  and  through  Wiltsnire  as  far  as 
Chippenham  and  Melksham,  whence  it  turned  southward  again 
by  W estbury  to  near  Shaftesbury,  and  thence  through  Dorset  to 
Lulworth  (see  p.  144). 

Thus  the  general  geography  of  the  country  may  be  depicted 
with  a  fair  amount  oi  certainty,  and  may  be  described  as  follows : 
Brittany  was  united  to  Cornwall  and  Devon  across  what  is  now 
the  mouth  of  the  English  Channel,  and  formed  part  of  a  large 
area  of  land  which  included  Wales,  Ireland,  and  Scotland,  with 
the  north  of  England.  Another  tract  of  land  stretched  from 
central  Europe,  through  Belgium,  and  the  north-west  border  of 
France,  into  the  east  of  England.  And  this  land  area  was 
separated  from  the  other  by  a  narrow  and  shallow  sea. 

The  eastern  land  was  of  the  nature  of  a  promontory  or 
possibly  a  peninsula,  and  in  all  probabihty  its  general  elevation 
above  the  sea  at  the  time  we  are  writing  of  was  not  CTcat.  The 
western  land  was  much  more  extensive,  and  certainly  included 
high  ranges  of  mountains,  with  deep  valleys  and  large  rivers. 
Some  of  the  rivers  doubtless  poured  their  waters  into  the  sea 
which  lay  over  central  and  southern  England. 

The  subsidence  of  the  Lower  Cretaceous  period  seems  to  have 
been  slow  and  gradual  and  its  total  amount  seems  to  have  been 
smalL  The  change  from  the  conditions  of  the  Lower  Cretaceous 
to  those  of  the  Selbomian  was  produced  by  a  much  more 
rapid  and  extensive  subsidence.  One  result  of  this  movement 
was  the  complete  submergence  of  a  large  portion  of  that  land 
which  reached  across  the  Korth  Sea  and  terminated  on  the  east 
of  England.  All  that  part  of  it  which  lay  within  the  English 
limits  was  deeply  submerged,  so  that  the  Gault  mud  which  was 
deposited  over  its  surface  is  of  the  same  lithological  character 
and  has  nearly  the  same  average  thickness  as  that  which  was 
deposited  over  the  surface  of  the  Lower  Greensand  to  the  south 
and  north-west  of  it.  Thus  the  thickness  of  the  Gault  clay 
beneath  the  western  part  of  Essex  varies  from  150  to  170  feet ;  its 
thickness  in  West  Kent  is  about  190  feet ;  and  its  thickness 
between  Cambridge  and  Hitchin  varies  from  130  to  200  feet. 

Eastward  however  the  Gault  thins  somewhat  rapidly  ;  only 
61  feet  of  it  was  found  in  the  boring  at   Harwich   and    further 
1980.  2  c  2 


404  CRETACEOUS   ROCKS   OF  BRITAIN. 

south  at  Wissant  near  Calais  it  is  only  42  feet  thick,  and  east  of 
C^Sais  deep  borings  have  shown  that  it  thins  out  altogether. 
Land  therefore  stul  existed  in  that  direction,  but  lay  entirely 
outside  and  south-east  of  English  territory. 

The  subsidence  of  the  Selbomian  epoch  also  submerged  a 
portion  of  the  western  land,  carrying  the  sea  over  the  surface  of 
of  the  Jurassic  and  Triassic  strata  which  formed  the  eastern 
margin  of  that  land.  There  is  reason  to  think,  however,  that  the 
vertical  extent  of  the  downward  movement  was  less  in  this 
region  than  in  the  east.  The  manner  in  which  the  Lower  Green- 
sand  and  Wealden  seem  to  dip  down  together  with  the  Jurassic 
beds  below  the  overstepping  Gault  at  Lul  worth  (see  p.  144)  suggests 
that  the  amount  of  suosiaence  was  greatest  to  tne  east  of  this 
place,  and  the  manner  in  which  the  Gault  gradually  oversteps 
all  the  members  of  the  Jurassic  series  until  it  comes  to  rest  on 
the  Trias  at  Axmouth  is  proof  that  the  movement  was  a  tilt 
downward  to  the  east. 

The  change  in  the  lithological  character  of  the  sediment  from 
"  Gault "  clays  to  Glauconitic  sands  is  also  evidence  that  the 
water  was  shallower -to  the  west,  and  the  coarse  character  of  some 
of  the  sandy  beds  in  the  upper  part  of  the  stage  shows  that  land 
was  not  very  far  away.  In  jDevonshire  too  the  uppermost  beds 
near  Sidmouth  consist  of  shell-sand,  i,e.,  small  angular  fragments 
of  shells  without  any  glauconite,  similar  to  deposits  which  are 
now  found  off  our  western  coasts  at  depths  of  from  40  to  100 
fathoms. 

In  attempting  to  restore  the  original  extension  of  these 
deposits  over  the  west  of  England,  and  thus  to  form  some 
conception  of  the  probable  limits  of  the  Selbomian  sea  in  this 
direction,  it  will  be  convenient  to  begin  in  Devonshire,  where  the 
most  westerly  tracts  of  Greensand  are  preserved  and  where  their 
nature  and  position  afford  definite  evidence  of  the  proximity  of  a 
shore  line.  These  tracts  are :  (1)  that  of  East  Devon,  which 
extends  from  the  present  coast  line  northwards  to  the  range  of 
the  Blackdown  Hills ;  (2)  the  two  outliers  of  the  Haldon  Hills 
south-west  of  Exeter. 

The  relation  of  these  tracts  to  the  older  rocks  and  the  heights 
to  which  the  base  of  the  series  attains  will  enable  us  to  ronn 
some  idea  of  their  former  extension  both  to  the  northward  and 
to  the  westward.  At  Lyme  Regis  the  base  of  the  Selbomian  ivsts 
on  the  Lower  Lias ;  thence  it  passes  westward  across  the  Lias, 
Rhietic  Beds  and  Trias,  till  on  the  Haldon  Hills  it  lies  on  the 
Permian  breccias,  and  must  a  little  further  west  have  abutted 
against  the  granitic  rocks  of  Dartmoor. 

From  the  cliffs  of  the  coast  west  of  Beer  Head  the  base  line 
rises  inland  into  the  Blackdown  Hills,  and  if  we  take  the  outer- 
most line  of  hills  which  runs  northward  from  Sidmouth  we  find 
it  rising  gradually  from  450  feet  near  Sidmouth,  to  about  780  on 
Blackdown  east  of  Kentisbere,  a  distance  of  13  miles  ;  on  Hack* 
pen  Hill  to  the  north  the  base  is  below  700  feet,  but  rises  again 
to  750  feet  along  the  northern  escarpment  south  of  Wellington ; 
another  traverse  further  east  shows  a  similar  synclinal  arrange- 
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inent,  and  it  is  probable  that  the  Greensand  extended  northward 
in  similar  unaulations  to  the  Erendon  and  Quantoek  Hills, 
which  rise  at  the  present  time  to  over  1,200  feet.  Hence  it  is 
unlikely  that  the  Greensand  stretched  over  them. 

Passmg  now  to  the  Haldon  Hills,  we  find  the  base  line  of  the 
Greensand  again  showing  a  slight  synclinal  arrangement ;  for,  so 
far  as  I  can  ascertain  from  tne  data  at  present  available,  the 
boundary  runs  at  a  level  of  about  G20  feet  on  the  south  side  of 
Little  Haldon,  drops  to  550  feet  on  part  of  Great  Haldon,  and  then 
rises  to  700  feet  at  the  north-east  end.  If  we  take  the  rise 
between  the  two  extremities  as  an  index,  it  shows  one  of  80 
feet  in  5  miles,  and  a  prolongation  of  this  would  carry  the  base 
line  to  about  1,100  feet  on  Exmoor.  Judging,  however,  from  the 
undulations  of  level  in  the  Blackdown  Hifls  it  is  improbable  that 
there  was  anything  like  a  steady  rise  between  Haldon  and 
Exmoor,  and  consequently  the  height  to  which  the  Greensand 
rose  on  the  borders  of  Exmoor  is  not  likely  to  have  exceeded 
1,000  feet. 

As  Exmoor  rises  in  several  parts  to  over  1,200  feet,  and  in 
Dunkery  Beacon  to  1,700  feet,  and  as  it  must  have  suiFered  an 
immense  amount  of  erosion  sinoe  the  Cretaceous  period,  we  may 
feel  sure  that  it  was  not  submei^ed  by  the  sea  in  which  the 
lower  beds  of  the  Greensand  was  oeposited,  but  stood  well  above 
it  either  as  an  island  or  a  promontory. 

It  is  clear,  however,  that  if  we  restore  a  sheet  of  Greensand 
on  a  slope  of  from  700  to  1,000  feet  above  the  lowlands  of  North 
Devon,  tnere  would  be  nothing  to  prevent  its  westward  extension 
right  across  this  part  of  Devonshire  and  through  Bideford  Bay 
into  what  is  now  the  Bristol  Channel,  for  no  part  of  the  country 
round  Hatherleigh,  Chumleigh  and  Torrington,  reaches  above 
400  feet.^  Consequently  it  seems  probable  that  Exmoor,  with 
the  Brendon  and  Quantoek  Hills,  formed  an  island  or  islands  in 
the  Selbomian  sea. 

Leaving  the  region  of  the  Bristol  Channel  for  a  moment,  let 
us  return  to  Haldon  and  note  its  proximity  to  Dartmoor,  where 
within  7  or  8  miles  the  ground  rises  to  1,200  and  1,500  feet,  with 

greater  heights  to  the  westward.  There  can  be  no  doubt  fhat 
artmoor  was  land  at  this  time,  and  that  the  coast  line  ran 
round  its  northern  and  eastern  sides  ;  and  we  have  actual  proof 
of  its  being  under  erosion  in  the  tourmaline-bearing  sand  which 
forms  the  nighest  bed  of  the  Haldon  Sands.  The  worn  and 
rounded  form  of  the  tourmaline  ^ains  in  this  sand  is  remark- 
able, for  it  must  take  much  friction  to  wear  down  tourmaline 
crystals.  Possibly  the  western  side  of  the  Dartmoor  area  was 
at  this  time  bordered  by  dimes  of  blown  sand,  and  the  rounding 
of  the  tourmaline  grains  was  effected  in  these  dunes. 

South  of  the  valley  of  the  Teign  none  of  the  hills  are  more 
than  500  feet  high,  and  they  bear  no  trace  of  Greensand  in 

*  A  patch  of  "  Upper  Greensand  "  was  mapped  by  De  li  Beche,  at  Orleigh 
Court,  N.W.  of  Tornngton.  This  is  re-assorted  CretaceoiLs  material,  perbajjs 
a  Tertiary  gravel.  See  Ussher,  Quart.  Joum.  Qeol.  Soc.,  vol.  xxxiv.,  p.  453, 
and  Trans.  Devon  Assoc.,  vol.  xi.,  p.  428. 
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situ,  but  looking  to  its  height  on  Little  Haldon,  the  probability 
seems  very  great  of  its  once  having  stretched  southward  over 
the  country  around  Torquay.  There  is,  however,  no  evidence  that 
it  extendea  much  farther  to  the  south  or  south-west ;  the  great 
gap  of  the  English  Channel  is  a  feature  of  much  later  date,  and 
the  Greensand  of  Devon  occupies  a  much  more  western  position 
than  any  of  the  French  outliers.  The  Channel  Islands  and  the 
promontory  of  the  Cotentin  are  remnants  of  the  ancient  land 
mentioned  on  p.  403  as  stretching  across  the  mouth  of  the 
Channel,  and  it  is  probable  that  the  coast  of  the  Upper 
Cretaceous  sea,  in  passinjg  from  Devon  to  France,  took  an 
eastward  curve  which  carried  well  to  the  north  of  the  Cotentin. 
Within  the  area  of  France  itself  the  continuf'Xion  of  this  coast- 
line in  the  time  of  the  Lower  Gault  (zone  of  Am.  intemiptus) 
seems  to  have  crossed  the  present  coast  near  Trouville,  and  to  have 

Eassed  southwards  near  Lisieux  in  Calvados.  The  land  which 
ordered  this  early  coast  line  was,  however,  probably  of  low 
elevation,  consisting,  iis  it  did,  of  Corallian  Sands  and  Oxford  Clay ; 
so  that  much  more  of  it  was  submerged  by  the  sea  of  the  Gaize. 
Sands  of  this  age  occur  beneath  the  Cenomanian  at  Vimoutiers, 
Mortagne,  Belleme,  and  Le  Mans,  and  it  is  probable  that  they 
extended  to  the  border  of  the  Pala3ozoic  region  west  of  Argentan, 
Alen^on,  and  Coulie. 

Returning  now  to  the  area  north  of  the  Bristol  Channel,  we 
must  remember  that  in  early  Cretaceous  time  this  channel  was 
probably  a  broad  valley  opening  eastwards,  and  filled  with 
strata  of  Triassic  and  Liassic  age,  remnants  of  which  still  remain 
both  on  the  south  side  in  Somerset  and  on  the  north  side  in 
Glamorgan.  The  Gault  and  Greensand,  which  rest  on  the 
Oxford  Clay  at  a  hi^h  elevation  north-east  of  Wincanton,  must 
have  swept  westwards  over  a  large  part  of  Somerset  and  across 
the  surfaces  of  the  Lower  Oolites  and  the  Lias  far  down  the 
Bristol  Channel.  How  far  we  have  no  means  of  knowing,  but  if 
Exmoor  was  an  island,  as  seems  probable  from  the  considerations 
mentioned  on  p.  405,  the  end  of  the  inlet  must  have  lain  some- 
where to  the  west  or  north-west  of  Ilfracombe. 

There  is  no  reason  lo  suppose  tnat  this  inlet  was  the 
embouchure  of  a  large  river ;  it  may  have  received  some  small 
streams  from  the  western  land ;  but  so  far  as  one  can  judge 
{see  Map,  Plate  v.),  it  seems  to  have  been  a  wide  bay  in  the 
centre  of  which  were  several  islands. 

At  the  beginning  of  the  epoch  we  are  considering,  that  is 
when  the  area  was  first  submerged  beneath  the  sea  of  the  Lower 
Gault,  the  Mendip  HUls  were  probably  also  an  island.  The 
evidence  for  this  is  foimd  in  the  tollowing  facts : — In  Wiltshire, 
west  of  the  Mendips,  the  Gault  passes  westward  over  the  successive 
members  of  the  Jurassic  series  from  the  Portland  Sands  at  Great 
Cheverell  to  the  Oxford  Clay  at  Berkley,  west  of  Westbury ;  but 
the  rise  of  its  base  along  this  Une  of  outcrop  is  not  sufficient,  if 
prolonged,  to  carry  it  over  the  Mendips. 

Between  Cheverell  and    Westbury  the  upper  limit  of    the 
Gault  is  a  well-marked  line,  and  it  keeps  so  nearly  level  that, 
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though  slightly  undulating,  it  is  a  little  lower  at  Westbury 
than  at  Cheverell.  From  Westbury  to  Berkley  it  rises  150  feet 
in  4^  miles,  and  if  we  suppose  this  rise  to  have  been  continued 
to  Warren  House,  north  or  Shepton  Mallet  (another  12  miles) 
the  base  of  the  Gault,  which  is  at  about  330  feet  near  Berkley 
would  have  run  round  Warren  House  Hill  at  a  level  of  about 
730  feet,  the  summit  being  now  979  feet  above  the  sea. 

As  the  sea  deepened,  however,  the  island  would  be  nearly,  if 
not  quite,  submerged  ;  for  the  thickness  of  Gault  and  Greensand 
west  of  Warminster  is  over  200  feet,  and  the  water  in  which  the 
upper  beds  were  deposited  would  probably  have  covered  the 
Mendips.  Coast  erosion  of  these  islands  may  account,  however,  for 
the  unusual  coarseness  of  the  sand  which  forms  the  middle  part  of 
the  Upper  Greensand  on  the  plateau  between  Warminster  and 
Longleat ;  in  some  places,  as  in  a  pit  in  Bucklers  Wood,  east  of 
Longleat  Park,  this  sand  contains  small  pebbles  of  quartz  and 
lydianite. 

In  considering  the  further  course  of  the  coast-line  through  the 
west  of  Englana,  we  must  remember  that  the  Severn  Valley  was 
not  then  in  existence,  and  that  the  Lower  Jurassic  strata  were 
bedded  up  against  the  Palaeozoic  rocks  of  Monmouth  and  Hereford, 
which  then,  of  course,  rose  to  very  much  greater  elevations  than 
they  do  now.  The  Cretaceous  sea  giadually  ate  its  way  west- 
ward through  the  Jurassic  rocks,  as  these  were  slowly  bent  down 
toward    the    eastern    area  of  subsidence.      The  result  was  to 

E reduce  a  gently  inclined  plane  of  marine  erosion,  on  which  the 
asal  Cretaceous  sediments  were  laid  down.  There  can  be  little 
doubt  that  the  westerly  transgression  or  overstepping  of  the 
Gault  in  North  Wiltshire  was  exactly  Uke  that  which  we  can  see 
in  South  Wilts  and  in  Dorset,  and  we  may  assume  that  from  the 
surface  of  the  Oxford  Clay  the  overstep  was  continued  across  the 
Lower  Oolites  and  over  the  Lias  of  Gloucestershire. 

How  far  west  the  Cretaceous  sea  was  carried  at  the  close  of 
the  Selbomian  epoch  is  a  very  difficult  question  to  determine ; 
because  post-Cretaceous  detrition  has  entu'ely  removed  all  these 
deposits  from  the  central  parts  of  England.  We  are  not, 
however,  entirely  without  some  evidence  which  will  assist  us  in 
forming  an  opmion.  We  know  that  in  the  south-west  the 
Greensand  passes  on  to  the  Permian  rocks,  and  probably,  in 
places,  extended  beyond  them  onto  Pala30zoic  rocks.  •  It  is  most 
probable  therefore  that  the  Greensand  passed  completely  over  the 
Trias  and  Permian  of  the  Midland  coimties,  throughout  all  the 
lower  eastern  parts  of  Herefordshire  and  Shropshire. 

The  existence  of  outliers  of  Rhaitic  Beds  in  the  north-east  of 
Stattbrdshire  and  of  Lias  in  the  north  of  Shropshire  suggest  that  the 
Jurassic  series  was  once  continued  to  the  noith-west  in  a  succession 
of  undulating  flexures  and  that  the  south-easterly  dip  of  the 
Jurassic  strata  in  the  counties  of  Warwick  and  Leicester  is  only 
part  of  one  of  this  series  of  flexures.  From  the  relation  of  the 
Cretaceous  strata  to  the  faults  and  flexures  of  the  Jurassic  rocks 
in  the  south-west  of  England,  we  may  take  it  as  very  probable 
that  the  undulations  of  the  Jurassics  in  the  Midluno's  were  largely 
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of  pre-Cretaceous  date  and  that  there  was  a  similar  transgression 
of  the  Cretaceous  base  north-westward  onto  the  Lias  which  then 
covered  the  plains  of  Cheshire. 

It  is  worthy  of  remark  that  the  outlier  of  Lias  on  the  borders 
of  Shropshire  and  Cheshire  is  on  the  same  line  of  longitude  as 
the  tract  between  Dorchester  and  Bridport,  where  the  Greensand 
rests  on  the  Fuller's  Earth,  at  an  altituae  which  varies  from  400  to 
GOO  feet  above  the  sea.  It  is  not  unlikely  then  that  in  the  north 
of  Shropshire  the  Greensand  had  reach^  about  the  same  stage 
in  its  overstep  and  that  it  rested  there  on  the  Inferior  OoUte.  If 
this  were  so,  we  have  only  to  replace  the  remainder  of  the  Lias 
and  most  of  the  Inferior  Oolite  to  find  the  level  at  which  the 
Cretaceous  base-line  would  come  in  over  Shropshire. 

It  is  well  known  that  the  Shropshire  outlier  includes 
Middle  as  well  as  Lower  Lias,  the  former  being  visible 
at  and  near  Frees  Church  ;  moreover,  Mr.  H.  B.  Woodward 
considers  it  possible  that  Upper  Lias  may  just  come  in  on  the  hieh 
ground  to  tne  southward,  which  is  380  feet  above  the  sea.^  Tne 
thickness  of  Upper  Lias  would  probably  have  been  about  150 
feet,  and  if  we  give  another  50  feet  for  Inferior  Oolite,  wo  get  a 
level  of  nciirly  600  feet  above  the  sea  as  that  at  which  an  outUer 
of  Greensand  may  possibly  once  have  existed  over  this  patch  of 
Lias. 

It  may  bo  objected  that  it  is  a  great  assumption  to  suppose 
that  the  removal  of  the  Jurassic  strata  and  the  overstep  of 
the  Cretacjous  had  proceeded  so  far  in  Shropshire  as  it  had  in 
Dorset ;  that  for  all  we  know  the  Upper  Cretaceous  sea  may 
not  have  extended  so  far  to  the  north-west  at  this  time  as  to' 
reach  Shropshire  at  all,  and  that  it  is  rash  to  imagine  the 
extension  of  the  Gault  and  Greensand  so  fiir  beyond  their 
present  line  of  outcrop. 

To  these  objections  the  following  rejoinders  may  be  made : — 
(1)  It  is  not  only  in  Dorset  that  we  have  proof  of  the  rapid  over- 
step of  the  Cretaceous  series  across  the  defiexcd  members  of  the 
Jurassic  systen] ;  the  same  transgression  is  seen  in  Wilts,  and 
again  in  Yorkshire,  where  the  Reel  Chalk  comes  to  rest  on  the 
Oxford  Clay.  (2)  It  is  significant  that  if  we  connect,  by  a  line 
on  the  map,  the  places  where  the  Gault  attains  its  greatest 
thickness— m  other  words,  if  we  ascertain  the  axis  of  greatest 
deposition — it  runs  from  south-east  to  north-west  from  East- 
bourne and  Lowes  through  Windsor  and  Wendover,  pointing 
directly  to  Shropshire  and  Staffordshire.  (3)  The  great  thick- 
ness of  the  Gault  and  Malmstone  in  the  counties  of  Berks, 
Oxford,  Bucks  and  Bedford,  and  the  calcareous  nature  of  the 
upper  portion  of  the  Gault  in  the  two  last,  are  proofs  that  the 
deposits  along  this  line  of  outcrop  were  formed  at  a  considerable 
distance  from  the  coast  of  the  Cretaceous  sea.  (4)  There  is 
the  fact  that  Greensand,  possibly  of  late  Selbomian  age,  actually 
occurs  in  the  north-east  of  Ireland,  so  that  the  Cretaceous  sea 
appmr.s  to  have  reached  that  region  toward  the  close  of  the  epoch 

^  "  Lias  of  England  and  Wales,"  Mem.  Geol.  Surv.,  p.  244. 
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The  most  probable  way  of  access  to  that  region  is  certainly  by  a 
channel  across  Cheshire.  This  route  is  more  likely  than  that 
up  St.  George's  Channel,  because  the  latter  probably  owes  its 
existence  to  a  post-Eocene  subsidence,  the  subsidence  which 
followed  the  Eocene  period  of  volcanic  activity  in  Ireland  and 
Scotland,  and  to  whicn  may  be  attributed  the  present  low  level 
of  the  Irish  Cretaceous  deposits. 

Taking  all  these  facts  into  consideration,  it  seems  highly 
probable  that  in  the  later  part  of  the  Selboniian  age  the  sea 
extended  over  the  Cheshire  plains  and  across  the  Irish  Sea.  We 
may  also  assume  that,  if  we  could  restore  the  Selbornian  deposits 
over  the  country  toward  the  north-west,  wo  should  see  a 
lateral  lithological  change  similar  to  that  which  we  can  follow 
in  tracing  them  to  the  south-west ;  the  Upper  Gault  of  Bucks 
and  Bedford  would  pass  into  malmstone,  and  the  whole  would 
bocomo  more  arenaceous  and  more  glauconitic  as  it  approached 
nearer  to  the  western  land. 

With  respect  to  the  level  at  which  it  abutted  against  that 
land,  there  is  much  more  doubt.  It  has  been  mentioned  that 
an  outlier  of  Greensand  rtiay  have  come  in  above  the  Lias  of 
Shropshire  at  a  level  of  less  than  600  feet  above  the  sea.  It 
must  be  remembered,  however,  that  the  Lias  outlier  occupies  the 
centre  of  a  large  synclinal  area  or  basin,  which  was  probably  a 
pre-Cretaceous  flexure  like  those  in  Dorset  and  in  Yorkshire. 
The  surface  of  marine  erosion  fonned  by  the  advancing  Cre- 
taceous sea  would  be  planed  across  this  basin,  leaving  much 
more  of  the  Jurassic  series  in  its  centre  than  over  its  outer 
parts ;  thus  it  is  quite  as  likely  as  not  that  some  of  the  Oxford  Clay 
was  preserved  in  the  centre  of  the  basin,  while  its  rim  was  planed 
down  to  the  Lias. 

Consequently,  in  our  attempt  to  restore  the  extension  of 
the  Greensand  over  Shropshire,  we  must  admit  that  we  may  have 
taken  its  base  at  too  low  a  level,  and  that  at  least  a  part  of  the 
Oxford  Clay  may  have  come  into  the  centre  of  the  syncline. 
Now,  the  Oxford  Clay  of  the  Midland  counties  is  from  300  to  400 
feet  thick,  and  if  we  add  the  lesser  thickness  to  the  (iOO  •feet 
level  wo  shall  probably  be  nearer  the  mark.  We  thus  arrive  at 
a  height  of  about  1)00  foot  above  the  present  level  of  the  sea  as 
the  most  probable  horizon  at  which  tne  base  of  the  Greensand 
occurred  m  Shropshire  and  Cheshire. 

If  this  conclusion  is  accepted  as  a  fair  calculation,  we  have  a 
basis  for  restoring  the  coast-line  of  the  Upper  Cretaceous  sea  in 
this  part  of  England,  for  within  a  certain  disUmce  of  what  we 
may  call  the  Cheshire  Straits  we  may  draw  the  line  round  those 
parts  whicTh  rise  to  more  than  900  teet.  We  should,  indeed,  be 
safe  in  taking  it  round  all  the  hills  and  ridges  which  rise  to  more 
than  800  feet,  neglecting  the  modern  valleys,  which  were  not 
then  in  existence,  for  post-Cretaceous  erosion  has  certainly 
removed  more  than  100  feet  of  material  from  the  summits  of 
the  Shropshire  and  Derbyshire  hills.  ITius  the  valley  of  the 
Severn  had  no  existence,  except  possibly  as  a  short  stream 
flowing  north-eastward  into  the  Cheshire  Straits,  and  the  Wrekin 
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was  doubtless  the  end  of  a  promontory  which  jutted  out  into 
those  straits. 

On  the  other  side  the  coast  would  skirt  the  Pennine  chain, 
where  the  Palaeozoic  rocks  must  have  risen  to  a  much  greater 
relative  height  than  they  do  now.  From  Manchester  it  would 
run  by  Macclesfield  to  near  Falk,  and  thence  eastward  by  the 
Weaver  Hills  and  high  above  the  Rha^^tics  of  Uttoxeter  and 
Needwood  Forest  to  Derby,  whence  it  would  pass  northward  in 
the  direction  of  Sheffield,  Leeds,  and  Knaresborough. 

When  we  get  into  Yorkshire,  however,  we  can  no  longer  be 

glided  by  the  level  suggested  by  the  occurrence  of  Lias  and 
hajtic  beds  in  Shropshire  and  Staftbrdshire.  We  must  seek 
for  new  evidence  in  the  relation  between  the  Cretaceous  and 
Jurassic  formations  in  that  county,  and  the  question  arises 
whether  the  Red  Chalk  followed  the  slope  of  the  Jurassic  rocks 
up  to  the  heights  of  the  Yorkshire  moors,  which  rise  to  1,400  feet 
in  Burton  Head. 

In  the  first  place,  it  is  certain  that  before  and  during  the 
Cretaceous  period  the  Junissic  strata  must  have  stretched  far  to 
the  north  and  north-west  over  what  are  now  the  valleys  of  the 
Tees  and  the  Swale ;  and  they  must  have  risen  to  much  greater 
relative  heights  in  those  directions,  because  we  know  that  the 

Principal  flexures  affecting  the  Jurassic  rocks  were  produced 
efore  the  time  of  the  Red  Chalk.  Hence  the  great  syncline  of 
the  Vale  of  Pickering  and  the  uptilting  of  the  oeds  which  rise 
into  the  moors  to  the  north  were  antecedent  events.  It  is,  of 
course,  quite  possible  that  the  plane  of  erosion  on  which  the 
Red  Chalk  rests  was  continued  northward  far  on  to  the  moors, 
but  there  are  reasons  which  make  it  unlikely  that  it  extended 
over  and  beyond  them. 

The  rise  of  this  plane  from  the  Humber  to  Leavening  is  600 
feet  in  25  miles,  and  a  prolongation  of  this  would  not  carry  it  to 
a  greater  height  than  1,200  feet  on  Burton  Head.  The  westerly 
rise  from  Speeton  to  Stragglethorpe  is  rather  more  rapid, 
namely,  550  feet  in  20  miles ;  but  we  must  remember  that  this  is 
part  of  a  synclinal  curve  and  that  the  beds  may  have  been 
continued  nearly  horizontally  to  the  westward  from  Scraggle- 
thorpe  and  Leavening.  In  this  connection  also  it  is  important 
to  bear  in  mind  the  great  diminution  in  thickness  and  the 
remarkable  change  in  character  which  the  formation  exhibits  in 
passing  from  east  to  west.  At  Speeton  it  is  about  34  feet,  at 
Scragglethorpe  it  is  10  feet  thick  and  at  Leavening  only  two 
feet,  while  at  an  intermediate  locality,  Wharram  Grange,  it 
is  represented  by  only  18  inches  of  haid  yellowish  conglomerate 
rock,  full  of  materials  derived  from  Jurassic  rocks.  These 
facts  led  Mr.  Hill  to  suggest  that  this  locality  was  not  far 
from  the  original  limit  of  the  deposit  in  a  westerly  and 
north-westerly  direction^;  he  himself  however  remarks  that 
the  evidence  is  insufficient  to  base  any  decided  opinion  upon. 


*  "  Quart.  Journ.  Geol.  See.,"  vol.  xliv.  p.  360. 
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and  I  may  mention  the  possibility  of  explaining  the  Wharram 
Grange  deposit  on  the  supposition  that  it  marks  the  site 
of  a  submarine  bank  or  shoal  which  was  swept  by  a  strong 
current;  for,  owing  to  thei  fact  that  rocks  of  various  kin£ 
entered  into  the  composition  of  the  sea-floor,  it  is  probable  that 
the  surface  of  this  floor  was  somewhat  uneven. 

All  that  can  be  said  is  that  while  it  would  be  rash  to  imagine 
the  I  Wharram  Grange  rock  to  indicate  the  near  proximity  of  a 
coast-line,  it  is  not  probable  that  the  Red  Cnalk  extended 
indefinitely  to  the  west  or  north-west.  The  ^eat  thickness  of 
the  Yorkshire  GoUtes,  and  the  heights  to  which  they  reach  at 
the  present  time,  make  it  probable  that  they  formed  the  shore- 
line of  the  Cretaceous  sea  in  this  part  of  England.  It  gives  me 
pleasure  to  find  that  my  colleague,  Mr.  Strangways,  who  has 
such  an  intimate  knowledge  of  this  region,  takes  the  same  view ; 
he  thus  writes,  "  I  agree  with  you  as  to  the  probable  limited 
extension  of  the  Upper  Cretaceous  beds  towards  the  north ;  they 
probably  abutted  against  the  Jurassic  mountains  to  the  north- 
oast.  " 

It  would  appear  therefore  that  the  coast  of  the  Cretaceous 
sea,  which  we  traced  up  the  eastern  side  of  the  Pennine  chain  to 
the  neighbourhood  of  Leeds,  passed  thence  in  a  north-easterly 
direction  across  Yorkshire  to  a  point  on  the  present  coast  near 
Whitby,  and  thence  far  out  into  what  is  now  the  North  Sea. 

Let  us  now  review  what  has  been  discussed  in  the  preceding 
pages,  so  as  to  gather  into  one  view  the  probable  geography  of 
the  sea  in  which  the  Gault  and  Greensand  sediments  were 
deposited.  There  can  be  no  doubt  that  this  sea  lay  between  two 
large  masses  of  land,  and  it  seems  probable  that  the  western 
land  was  divided  into  two  massifs — one  in  the  west  and  south- 
west, of  which  Brittany,  Cornwall,  Wales  and  Ireland  are  the 
dismembered  parts ;  the  other  to  the  north,  including  Scotland 
and  the  north  of  England,  together  with  an  extension  into  the 
North  Sea,  and  ending  southward  in  the  Pennine  promontory. 
The  eastern  tract  of  land  occupied  a  part  of  Central  Europe 
and  stretched  westward  to  the  borders  of  France ;  its  shore  line 
appears  to  have  run  from  Westphalia  south  of  the  Teutoburger 
Wald,  through  Holland  and  into  the  North  Sea,  bending  then 
south-westward  towards  Kent,  but  again  recurving  sharply  so  as 
to  run  along  the  north-eastern  border  of  France  from  Calais  by 
Bethune,  Douai  and  Avesnos  to  Mesi^res  and  Luxembourg.  • 

On  the  south  the  sea  was  bounded  by  the  great  mass  of 
Granitic  and  Palieozoic  rocks  which  occupies  the  centre  of 
France,  but  had  an  opening  to  the  south-east  over  the  Cote  d*Or 
and  the  Jura  to  the  larger  Cretaceous  sea  of  Southern  Europe. 
It  seems  therefore  that  the  part  of  the  sea  with  which  we  are 
concerned  curved  round  the  eastern  end  of  the  central  European 
land,  that  its  width  from  this  to  the  Pennine  shore  was  not  more 
than  200  miles,  and  that  its  width  across  the  north  of  France 
was  about  the  same ;  but  that  across  the  south  of  England  it 
may  have  been  some  280  miles  from  shore  to  shore.  (See  Map, 
frontispiece.) 
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Conditions  of  sedimentation. 

Wo  may  next  give  some  consideration  to  the  nature  and  dis- 
position of  the  sediments  which  were  laid  down  in  the  sea  we 
have  delineated.  The  distribution  of  these  sediments  was  thus ; 
dark-coloured  mud,  which  we  now  call  Gault,  was  deposited 
throughout  nearly  the  whole  epoch  round  the  eastern  ona  of  the 
European  land.  The  greatest  thickness  of  this  mud  was 
accumulated  towards  the  central  part  of  the  sea  from  Bedford- 
shire to  Berkshire,  and  thence  south-eastward  through  the  centre 
of  Sussex  and  across  the  Channel  to  the  departments  of  the 
Marne  and  Auho,  in.  France. 

South-west  of  this  lay  a  tra(;t  where  mud  was  only  deposited 
during  the  time  of  the  Lower  Gault,  the  succeeding  deposit 
being  one  which  consists  largely  of  silica  derived  from  the 
remains  of  siliceous  sponges,  mixed  with  tine  particles  of  sand, 
mica  and  glauconite,  the  [)roportions  of  organic  and  inorganic 
material  varying  in  difterent  places.  Outside  this  and  bordering 
the  western  coast-line  sandy  deposits  of  various  kinds  were 
formed,  some  fine  and  some  rather  coarse  grained,  but  character- 
ised a^  a  whole  by  the  abundance  of  glauconite  grains,  whence 
they  are  known  as  Greensand. 

North  of  latitude  52''  50'  is  another  area,  in  which  neither  clay, 
nor  malmstone,  nor  greensand  were  deposited,  but  a  red  chalky 
material,  very  thin  in  Norfolk  and  Lincolnshire,  but  thickening 
and  becoming  more  marly  to  the  north-east. 

From  this  distribution  of  sediment  I  think  we  may  infer  that 
the  western  coasts  were  for  the  most  part  high  and  rocky,  and 
that  they  were  swept  by  a  strong  submarine  current  which  did 
not  allow  anything  finer  than  sand  to  accumulate  on  the  sea- 
floor.  On  the  other  hand,  the  eastern  part,  of  the  central 
European  land  was  evidently  low,  and  as  it  sank  beneath  the 
Selbomian  sea  it  was  overspread  by  muddy  sediment  brought 
by  a  current  which  was  not  strong  enough  to  carry  anything 
coarser  than  such  mud.  Further,  it  is  clear  that  neither  of  these 
currents  carried  sedimoni  into  the  northern  part  of  the  sea,  and 
that  there  was  a  tract,  including  Lincolnshire  and  the  North  of 
Norfolk,  where  very  little  sediment  of  any  kind  was  accumu- 
lated. 

In  what  directions  did  the  currents  flow  and  whence  came  the 
supply  of  mud  ?  These  are  diflicult  questions  to  answer,  and 
we  can  hardly  do  more  than  indicate  possible  answers  at  present. 
It  is  fairly  certain  that  the  mud-bearing  current  did  not  come 
from  the  north  or  north-east ;  it  is  just  conceivable  that  it  came 
from  the  north-west  down  the  Cheshire  Straits,  but  the  absence 
of  Gault  in  Ireland  is  somewhat  against  this.  The  great  thick- 
ness of  clay  in  the  east  of  England  and  France  points  rather  to 
a  current  from  the  south-east,  and  the  most  probable  source  of 
the  Gault  mud  seems  to  be  material  brougnt  down  by  rivers 
draining  the  Belgo-Germanic  land  and  carried  northward  by  a 
marine  current  setting  from  the  south-east,  so  as  to  deposit  its 
load  in  the  eastern  ana  central  parts  of  the  Anglo- Galhc  basin. 
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After  a  time  the  supply  of  mud  grew  less,  till  only  a  small 
quantity  of  suspended  silt  was  earned  by  this  current ;  in  the 
clearer  water  siliceous  sponges  then  began  to  grow,  and  small 
grains  of  glauconite  were  at  the  same  time  formed.  The 
resulting  deposit  was  a  mixture  of  silt,  sponge  spicules,  and 

flaucomte  grains,  which  we  know  as  "Malmstone/'   and   the 
'rench  as  "  Gaize." 

If,  then,  a  warm  mud-bearing  current  came  fi'om  the  south- 
east, a  strong,  colder  current  may  have  swept  from  the  north 
along  the  western  side  of  the  sea  and  along  the  shores  of  the 
western  land,  till  it  lost  velocity  in  the  southern  part  of  the  sea, 
where  it  would  be  deflected  eastward  by  the  trend  of  the  coast 
between  Devonshire  and  the  mouth  of  the  Seine  (See  Map, 
frontispiece). 

It  remains  only  to  consider  the  probable  depth  of  the  water 
below  which  the  deposits  of  this  stage  were  formed. 

Mr.  F.  G.  H.  Price  endeavoured  to  estimate  this  from  a 
study  of  the  Gault  Mollusca,^  assuming  that  the  habitats  of  the 
fossil  species  were  similar  to  those  of  the  species  which  they 
most  resemble  at  the  present  day.  He  arrived  at  the  conclusion 
that  during  the  time  of  the  Lower  Gault  the  depth  at  Folkestone 
was  less  than  100  fathoms,  but  that  the  Upper  Gault  (zone  of 
A.  rostrahis)  was  formed  in  deeper  water  than  the  Lower 
Gault.  This  argument  is  open  to  the  objection  that  the  range 
of  Cretaceous  species  was  probably  different  from  that  of  modem 
species  of  the  same  genus  ;  but  it  is  interesting  to  note  that  it 
does  indicate  a  greater  depth  for  the  Upper  Gault,  for  there  are 
several  lines  of  evidence  w^hich  make  that  fairly  (certain. 

Further,  at  the  time  Mr.  Price  wrote,  much  less  was  known 
about  the  bathymetrical  distribution  of  the  Mollusca.  He  could 
only  take  the  range  of  the  several  genera  as  recorded  by  Dr.  S. 
P.  Woodward  and  Mr.  Gwyn  Jeffreys,  whose  books  were  published 
before  the  deep  sea  explorations  of  the  last  thirty  years.  It  is 
certain,  therefore,  that  an  estimate  made  from  the  materials  now 
available  would  give  a  different  and  more  satisfactory  result. 
Such  an  estimate  would  necessitate  much  research  and  much 
laborious  calculation,  but  in  order  to  form  some  ide^  of  the 
probable  result  I  have  taken  the  Lamellibranchs  only,  and  have 
tabulated  the  ranges  of  some  of  the  genera  found  in  the  Gault 
of  Folkestone,  which  exist  at  the  present  day.  These  ranges  I 
have  taken  from  two  works  which  happened  to  be  available 
namely,  A.  Locard's  "  Coquilles  Marines  au  large  des  Cotes  de 
France"  (1899)  and  W.  H.  DalPs  "  Preliminary  Catalogue  of  the 
Shell-bearing  Marine  Molluscs  of  the  South-eastern  Coast  of  the 
United  States  "  (1889). 

During  the  course  of  the  investieration  it  seemed  to  me  that 
in  trjdng  to  estimate  in  this  way  the  depth  at  which  such  a 


»  **The    Probable  Depth  <»f  the  Oault  Sea."  IVor.  Ova,].  Assoc,  vol.  iv., 
p.  269,  1878, 
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deposit  as  the  Gault  was  formed,  we  should  bear  in  mind  that  it 
is  not  a  pelagic  deposit ;  and  that  if  abyssal  depths  are  reckoned 
in  the  averages  a  misleading  result  would  be  obtained.  Thus  if 
we  are  dealing  with  a  deposit  which  is  unlikely  to  have  been 
formed  at  a  depth  of  1000  fathoms,  it  would  be  inexpedient  to 
take  note  of  the  occurrences  of  any  species  or  genus  beyond  that 
depth.  The  Gault  is  such  a  deposit,  and,  consequently,  I  have 
taken  1000  fathoms  as  the  extreme  limit  of  range ;  thus,  in  the 
case  of  species  ranging  from  1  to  over  1000  fathoms,  I  have  taken 
the  average  as  500.  Every  species  for  which  the  vertical  range 
is  given  m  the  two  books  above  mentioned  has  been  thus 
averaged,  and  the  mean  of  these  averages  has  been  taken  as  the 
mean  range  of  the  genus.  Single  occurrences  of  a  species  at 
depths  near  or  over  1000  fathoms  have  been  omitted. 

The  following^  is  a  tabular  view  of  the  results  obtained,  keeping 
the  European  and  American  data  separate : — 


Ranges  of  some  Lower  Gatdt  genera. 


Anomia        -        -        _ 
Area  (deep  water  species) 
Astarte-        -        -        - 
Cardita         -        -        - 
Corbula        -        -        - 
Cuspidaria    -        -        - 
Lima  (excluding  Limatula) 
Lucina-        -        .        . 
Nucula  -        -        -        - 
Nuculana     -        -        - 
Pectunculus  -        -        - 
Pecten  (deep  water  species) 
Pinna   -        -        -        - 
Tellina- 
Thracia         -        -        . 


American  Coast. 


Range  in 
Fathoms. 


0  to 
80  to 

5  to 

3  to 

3  to 

50  to 

15  to 

1  to 


5 

7 
2 
1 
1 


to 
to 
to 
to 
to 


0  to 
3  to 


80 
1000  + 
1000  + 

200 

805 
1000  + 

121 

683 
1000+ 
1000+ 

175 
1000  + 

200 

640 
50 


Average. 


40 
209 
190 

64 
118 
398 

75 
150 
486 
478 

60 
350 

50 

66 

25 


French  Coast. 


Eange  in 
Fathoms. 


1 
1 
1 
1 
1 


to 
to 
to 
to 
to 


30  to 
1  to 


1 
1 
1 
1 


to 
to 
to 
to 


1  to 
1  to 

0  to 

1  to 


850 
1000+ 

450 

510 

250 
1000  + 

850+ 

440 
1000  + 
1000+ 

125 
1000  + 

125 

560 

225 


Average. 


128 

219 

131 

105 

50 

378 

222 

145 

267 

375 

42 

172 

51 

85 

50 


The  mean  of  the  first  column  of  averages  is  184 ;  that  of  the  second 
column  is  154  ;  and  the  mean  of  the  two  is  169.  In  other  words  this  line 
of  investigation  leads  to  the  conclusion  that  the  depth  of  water  during  the 
formation  of  the  Lower  Gault  of  Folkestone  was  between  150  and  180 
fathoms. 
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Ranges  of  some  Upper  Gault  genera. 


Area  (deep  water  species) 
Astarte  .  -  - 
Avicula  _  .  - 
Cardita  _  -  - 
Corbula  _  -  - 
Hinnites 

Lima    -        -        -        - 
Nucula 

Pecten  (deep  water  species) 
.Pholadomya 
Spondylus    -        -        - 


American  Coast. 


Eange  in 
Fathoms 


80  to 
5to 

10  to 
3to 
3to 

15  to 

15  to 
5  to 
1  to 


1000  + 
1000  + 

192 

200 

805 

573 

121 
1000+ 
1000  + 


60  to  640 


Average. 


French  Coast. 


209 
190 
100 

64 
118 
299 

75 
486 
350 

350 


Eange  in 
Fathoms 


1  to  1000 
1  to  450 
1  to  350 
1  to  510 
1  to    250 

1  to    850 
1  to  1000+ 
1  to  1000+ 
1  to  1000  + 
1  to    550 


Average. 


219 
156 
104 
105 
50 

222 
267 
172 
413 
148 


The  mean  of  the  averages  in  the  first  column  is  224  ;  that  of  the  second 
column  is  185  ;  and  the  mean  of  th«se  two  is  204.  Whence  we  are  led  to 
conclude  that  the  depth  of  water  during  the  formation  of  the  Upper  Gault 
was  about  200  fathoms. 


The  only  other  great  class  of  animals  which  seems  likely  to 
aflFord  satisfactor}'^  evidence  of  depth  is  that  of  the  Foraminifera ; 
and  an  attempt  at  eliciting  this  evidence  has  recently  been  made 
by  Mr.  F.  Chapman.^  The  evidence  furnished  by  these  lowly 
organisms  has  moreover  the  advantage  of  being  specific  instead 
of  generic,  for  in  spite  of  the  great  variation  of  form  which  they 
exhibit,  the  species  are  much  more  persistent  than  those  of  more 
highly  organised  creatures,  and  many  of  them  have  continued  to 
exist  down  to  the  present  time. 

With  respect  to  his  method  of  calculation,  Mr.  Chapman 
writes  as  follows : — "  Those  species  from  each  zone  of  the  (lault 
have  taken  which  occur  also  in  recent  deposits,  where  their 
known  depths  have  been  accurately  recorded.  These  depths 
have  been  carefully  averaged  for  each  species  selected,  and  the 
total  moan  depth  for  all  the  species  in  each  distinct  zone  of  the 
Gault  has  been  taken  as  the  probable  depth  of  its  sea-bottom.  In 
cases  where  there  is  a  preponderance  of  common  and  well- 
developed  fonns,  the  evidence  of  such  is  considered  to  the 
subordination  of  occasional  examples,  which  may  have  been 
introduced  into  the  deposit  by  the  action  of  currents.  In 
obtaining  the  data  from  the  recent  species,  attention  has  been 
especially  paid  to  evidence  of  depth  at  which  the  particular 
species  occurs  most  frequently  and  where  it  attains  its  best 
oevelopment. "     His  results  for  the  beds  of  the  Lower  Gault 


Natural  Science,  vol.  xiii.,  p.  305  (1898). 
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work  out  to  depths  of  from  700  to  1180  fathoms  with  a  mean 
depth  830  fathoms.  Those  for  the  Upper  Gaiilt  vary  less, 
only  from  820  to  910  fathoms,  with  a  mean  depth  of  866 
fathoms. 

It  will  be  noticed  that  these  depths  are  greater  than  such  as 
anyone  has  hitherto  thought  probable,  and,  further,  that  the 
indication  of  greatest  depth  occurs  in  the  Lower  Gault,  which  is 
contrary  to  the  inference  dcducible  from  all  other  lines  of  evi- 
dence. These  considerations  induce  me  to  believe  that  there  is 
some  flaw  in  the  method  of  calculation  adopted  bv  Mr. 
Chapman.  It  appears  certain  from  the  figures  given  that  he  has 
not  hesitated  to  bring  records  from  great  depths  into  his 
account,  and  it  is  doubtless  these  depths  which  have  raised 
his  averages  to  such  high  figures. 

He  himself  notes  that  the  moan  resultant  depths  are  greater 
than  all  previous  estimates  founded  upon  a  consideration  of 
higher  organisms,  and  lie  oflcrs  the  following  explanation :  "  Al- 
though the  bathymetrical  range  of  these  larger  forms  is  in  most 
cases  rather  limited  to  the  shallower  parts  of  the  ocean,  it  ap- 
pears to  me  extremely  probable  that  current  action,  of  which 
there  is  abundant  proof  throughout  the  Gault  at  Folkestone,  has 
th3re  operated  in  briniring  together  assemblages  of  testaceous 
remains  from  the  higher  continental  slope  on  which  they 
flourished   to   greater  depths  where  these  accumulations   took 

Slace."  That  some  small  and  light  shells  may  have  been  intro- 
uced  into  the  Gault  mud  in  such  a  manner  1  would  not  deny, 
but  seeing  that  most  of  the  bivalve  Molluscs  of  the  Gault  occur 
with  very  perfect  and  united  valves,  I  think  it  is  almost  certain 
that  they  lived  and  died  on  the  spot  where  they  are  now  found. 
These  Molluscs,  so  far  as  can  be  judged  from  their  generic  affini- 
ties, clearly  indicate  a  much  less  average  depth  than  that  ar- 
rived at  by  Mr.  Chapman's  consideration  of  the  Foraminifera. 

The  only  other  criterion  of  depth  is  a  comparison  with  the 
depths  in  which  such  deposits  are  being  formed  in  modem  seas. 
So  far  as  mud  resembling  that  of  the  Gault  is  concerned,  this 
will  not  help  us  much,  for  where  large  rivers  debouch  into  the  sea 
mud  is  carried  to  great  distances  and  sometimes  into  great 
depths.  It  is  noticed,  however,  by  Mr.  Hill  (see  pp.  837  and  338) 
that  the  quartz-grains  in  the  clays  of  the  Folkestone  Gault  are 
very  minute.  Those  in  Beds  2  to  11  are  seldom  larger  than  15  or 
•18mm.  and  are  comparable  in  size  to  those  found  in  modem 
muds  between  300  and  600  fathoms.  Those  in  Bed  13  average 
from  05  to  08,  and  are  such  as  might  be  found  in  1,000  fathoms 
or  even  greater  depths. 

The  Upper  Gault  of  Folkestone,  however,  contains  a  bed  of 
glauconitic  sand,  and  further  west  such  sands  replace  the  whole 
of  the  Upper  Gault.  The  formation  of  glauconite  ^oes  on  within 
more  restricted  limits.  The  grains  are  formed  in  the  hollow 
spaces  of  various  calcareous  organisms,  but  especially  in  the 
cnambers  of  Foraminifera.  They  are  generally  associated  with 
terrigenous  materials,  either  with  mud  (forming  the  green  muds 
of  Murray  and  Renard),  or  with  sand  (forming  greensands).    Prof. 
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A.  Agassiz  has  observed,*  "  The  greensands  are  generally  found 
along  continental  coasts  where  the  fine  silt  from  rivers  is  not 
very  abundant,  as,  for  instance,  off  the  Shetland  Islands,  off  the 
Cape  of  Good  Hope,  off  Japan,  Australia,  and  some  parts  of  the 
east  coast  of  North  America."  Off  the  coast  of  Georgia  and 
South  Carolina  the  patches  of  ^reensand  occur  in  depths  of 
from  50  to  150  fathoms ;  oft'  the  west  and  south  coasts  of 
Australia  it  forms  a  continuous  belt  between  50  and  400  fathoms; 
and  off  the  Cape  of  Good  Hope  it  extends  down  to  500  fathoms. 
It  does  not  occur  at  great  depths  nor  at  great  distances  from 
large  land  areas. 

Where  glauconite  is  associated  with  large  grains  of  quartz 
we  may  be  sure  that  land  was  not  far  oft*  and  that  the  depth 
of  water  was  not  great,  but  where  it  is  associated  with  numerous 
sponge  spicules  and  with  very  fine  silt  or  sand,  the  probability 
is  that  the  deposit  was  formed  at  a  greater  distance  from 
land  and  in  water  of  more  than  100  fathoms.  The  greater 
part  of  what  is  usually  called  Upper  Greensand  consists  of 
such  fine-grained  materials — and  tnis  is  notably  the  case  with 
Malmstone — in  which  sponge  spicules  or  the  siUca  derived  from 
them  often  make  up  50  per  cent,  of  the  rock  material. 

Sir  John  Murray  states  that  the  spicules  of  sponges  rarely  make 
up  more  than  1  or  2  per.  cent,  of  a  deep-sou  deposit,  except  in 
limited  areas,  where  extensive  growths  of  such  sponges  are 
found,  when  the  quantity  of  spicules  in  some  samples  amounts 
to  as  much  as  20  per  cent.*  He  gives  examples  of  such  patches 
of  siliceous  sponges  in  depths  ranging  from  100  to  530  fathoms, 
and  observes,  *'  On  the  whole,  siliceous  sponges  are  most  abundant 
in  moderate  depths  on  the  Blue  Muds,  along  continental  shores 
and  in  pelagic  deposits." 

Prof.  Agassiz  also  testifies  "  that  siliceous  sponges  are  often 
found  in  great  numbers,  as  in  the  globigerina  ooze  of  Santa  Cruz 
(one  of  the  West  Indies)  where  ....  the  whole  mass  of 
the  mud  was  so  thoroughly  impregnated  with  spicules  and  with 
sponge  sarcode  as  to  be  sticky  and  viscid.  More  than  once  the 
dredge  must  have  plunged  headlong  into  ouo  of  the  ubiauitous 
sponge-beds,  the  glairy  mass,  like  white  of  egg,  with  a  multitude 
of  spicules  distributed  like  hair  in  mortar  throughout  the  mud."  ^ 
The  depths  from  which  these  hauls  were  made  is  not  given,  but 
it  is  stated  on  p.  xiv.  that  it  was  in  comparatively  shallow  water, 
and  from  the  map  it  would  seem  to  have  been  between  200  and 
500  fathoms. 

From  the  facts  above  mentioned,  I  think  we  may  conclude 
that  beds  of  fine  grain  in  which  sponge  spicules  are  abundant, 
such  as  Malmstone  and  Gaize,  and  the  Chert  beds  of  higher 
horizons,  are  not  likely  to  have  been  formed  in  water  of  less  than 
100  fathoms,  and  the  depth  is  more  likely  to  have  been  150  or 
200  fathoms  in  the  central  parts  of  the  sea.     The  tendency  of 


»  "  Three  Cruises  of  the  Bl^ike;'  vol.  i.,  p.  264. 

'  Murray  and  Irviue,  "  On  Silica  and  Sili(-eous  Remains  in  Modern  Siiis, 
Proo.  J\ov.  See.  Edin.,  vol.  xviii.,  n.  ilio. 
3  "  Three  Cruises  of  the  Blake,    1888,  vol.  I,  p.  U9. 
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modem  siliceous  sponges  to  grow  in  dense  patches  or  sponge 
fields,  between  which  the  sea-floor  is  comparatively  free  from  such 
sponges,  probably  accounts  for  the  very  local  maimer  in  which 
tne  fossil  sponge-beds  and  layers  of  Cherts  are  developed,  and  for 
the  complete  absence  of  such  beds  between  two  areas  in  which 
they  occur. 

Toward  the  close  of  the  period  some  change  seems  to  have 
taken  place  in  the  western  part  of  the  sea  which  altered  the  set 
of  the  currents,  so  that  coarse  sand  was  carried  farther  out  to 
sea  than  it  previously  had  been.  Coarse  sand  occurs  even  below 
the  Chert  beds  in  the  Vale  of  Warminster,  and  large  grains  of 
quartz  and  glauconite  occur  in  the  highest  sands  throughout  South 
Wiltshire.  They  are  also  found  in  the  top  sandstone  of  Western 
Dorset,  which  passes,  with  similar  characters,  into  Somerset 
(Chard)  and  into  East  Devon.  In  Dorset  and  Devon  also  the 
sandstone  tenninates  in  a  current-worn  surface. 

Coarse  sand  and  current  action  are  generally  associated  with 
shallow  water,  but  the  superposition  of  coarse  sand  upon  finer 
material  does  not  necessarily  indicate  elevation  of  the  sea-floor 
and  closer  proximity  to  land,  for  other  physical  changes  can 
produce  the  lame  result.  In  this  case  it  is  probable  that  tho 
gradual  submergence  of  the  Mendips,  the  Quantocks  and  Exmoor, 
and  the  conversion  of  the  two  latter  into  an  island,  may  have 
been  the  cause.  The  rocks  of  these  areas  would  supply  plenty 
of  sand,  and  a  strong  easterly  current  might  be  set  up  along  one 
side  of  the  Quantock-Exmoor  island,  sweeping  the  coarse  sand 
of  its  shores  much  farther  to  the  east  and  south-east  than  it  had 
previously  been  carried. 


CHAPTER  XXIX. 
ECONOMIC  PRODUCTS  AND  WATER  SUPPLY. 

Building  Stones. 

The  arenaceous  parts  of  the  formation  which  are  usually 
known  as  Upper  Greensand  contiiin  beds  of  stone  which  have 
been  extensively  quarried  for  building  stone  and  other  con- 
structive materials,  such  as  "  firestone  "  and  "  hearthstone." 

These  stone  beds  have  been  quarried  in  Surrey,  Hampshire, 
Sussex,  Wiltshire,  Dorset,  the  Isle  of  Wight,  and  to  a  less  extent 
in  Devon ;  they  occur  also  in  Berkshire  and  Oxfordshire,  but 
have  not  been  worked  in  those  counties. 

It  will  be  convenient  to  describe  the  building  materials  which 
have  been  obtained  in  each  of  the  counties  above  mentioned, 
and  the  following  accounts  have  been  compiled  from  various 
sources. 

Surrey. 

The  stone  quarried  in  Surrey  is  principally  of  the  kind  known 
as  "  tirestone,'  that  is,  a  fine-grained  sandy  stone  containing  a 
large  amount  of  colloid  silica,  soluble  in  alkaline  solutions.  The 
chief  quarries  are  at  Godstone,  Merstham,  Reigate,  Gtttton  and 
Betchworth,  but  those  of  Reigate  and  Gatton  are  not  now 
worked. 

The  position  of  the  firestone  and  its  general  characters  have 
been  described  on  pp.  93  and  97. 

Mr.  Webster,  who  described  the  stone  in  1819  under  the  name 
of  "  Reygate  stone,"  remarks  that  "  the  quarries  of  Reygate 
stone  were  formerly  considered  of  such  consequence  that  tney 
wore  kept  in  the  possession  of  the  Crown,  and  a  patent  of 
Edward  III.  exists  authorising  them  to  be  worked  for  Windsor 
Castle.  Henry  the  Seventh's  chapel  at  Westminster  was  also 
[?  partly]  built  of  the  stone  procured  from  them,  as  is  also  the 
church  at  Reigate."  * 

As  a  general  building-stone,  however,  it  does  not  seem  to  be 
very  durable — at  any  rate,  imder  the  conditions  to  which  it  is 
exposed  in  London.  In  former  days  larc^c  quantities  were 
brought  from  Reigate  and  Godstone  for  tne  construction  of 
important  buildings  in  London,  but  Mr.  C.  H.  Smith  said  * : 
"  Of  these  buildings  there  were  now  scarcely  any  parts  remaining; 
some  of  the  upper  portions  of  Westminster  Abbey,  about  the 
cloisters,  and  tne  interior  parts  in  Dean's  Yard,  were  the  only 
relics.     Sir  Christopher  Wren,  speaking  of  Westminster  Abbey 

*  Trans.  Geol.  See.,  vol.  v.,  p.  353  (1821). 
Proc.  Geol.  Assoc.,  vol.  i.,  p.  210  (1862). 

1080.  2d2 


420  CRETACEOUS  ROCKS   OF   BRITAIN. 

in  his  day,  described  it  as  having  uiouldered  away  four  inches 
from  its  original  surface." 

The  stone  is  soft  and  easily  dug  from  the  quarry,  but  hardens 
on  exposure  to  the  air,  if  kept  under  cover  and  protected  from 
the  ram  and  sun.  It  is  stated  that  the  weight  of  the  stone,  in 
its  ordinary  stato,  is  103  lbs.  per  cubic  foot,  or  21 J  cubic  feet  to 
the  ton.^ 

No  complete  analysis  of  the  rock  in  this  district  has  ever  been 
made,  but  Messrs.  Paine  and  Way  state  that  they  lound  40  per 
cent,  of  soluble  silica  in  a  piece  ot  firestone  from  Merstham. 

Mr.  lludler  informs  me  that  on  visiting  Merstham  a  few  years 
ago  he  found  that  the  local  stone  hiui  been  recently  used  in 
restoring  the  doorway  of  Merstham  Church.  There  is  a  specimen 
of  Gatton  stone  among  the  samples  of  building  stones  in  tho 
collection  at  Jerm^^i  Street,  with  a  note  that  it  has  been 
employed  in  Hampton  Court,  Windsor  Castle,  in  the  Town 
Hall  and  Alms-house  at  Croydon,  and  in  many  churches  in 
Surrey. 

Hampshire. 

The  Malmstone  of  Farnham  has  been  described  by  Messrs. 
Pain  and  Way,  whose  account  has  been  quoted  on  p.  108.  They 
mention  two  beds  in  the  upper  part  of  the  formation  as  having 
been  used  for  building-stone — (l)  the  white  building-stone  or 
firestone,  a  purely  siliceous  rock  with  over  50  per  cent  of  soluble 
silica  and  about  20  feet  thick ;  (2)  the  blue  building-stone, 
underlyhig  the  white,  a  calcareous  stone  contiiinuig  about  75  per 
cent,  of  carbonate  of  lime.  The  latter  is  prolmbly  the  bed 
(4^  feet  thick)  which  is  still  quarried  for  ouilding-stone  at 
Dippenhall  Farm  {^ee  p.  lOD). 

Similar  beds,  both  siliceous  and  calcareous,  have  been  quarried 
since  very  early  times  in  the  neighbourhood  of  Selborne,  and 
are   thus  described  by  Gilbert  Vvhite,^  who  calls  it  fre^^Mone. 

"This  stone  is  in  jjreat  request  for  hearth-stones  and  the 
beds  of  ovens;  and  in  lining  of  limekilns  it  turns  to  good 
account,  for  the  workmen  use  sandy  loam  instead  of  mortar, 
the  sand  of  which  fluxes  and  runs  by  the  intense  heat,  and  so 
cases  over  tho  whole  face  of  the  Itiln  with  a  strong  vitrified 
coat  like  glass,  that  it  is  well  praserved  from  injuries  of  weather 
and  endures  thirty  or  forty  years.  When  chiselled  smooth  it 
makes  elegant  fronts  for  houses,  equal  in  colour  and  grain  to  the 
Bath  stone,  and  superior  in  one  respect,  that  when  seasoned  it 
does  not  scale.  Decent  chinmey-pieces  are  worked  from  it  of 
much  closer  and  finer  grain  than  Portland ;  and  rooms  are 
floored  with  it,  but  it  proves  rather  too  soft  for  this  purpose. 

"  It  is  a  freestone  cutting  in  all  directions,  yet  has  something 
of  a  grain  parallel  with  the  horizon,  and  therefore  should  not  bo 
surbedded  [i.e.,  set  on  end],  but  laid  in  the  same  position  that  it 


'  Report  on  the  Selection  of  Stone  for  Buildini:?  the  New  HoUf>e.s  of 
Parliament  (18.3!)). 

-  ''  Natural  History  of  Sellx)rnc;'  Letter  IV. 
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grows  in  the  quarry.  On  the  ground  abroad  this  firestone  will 
not  succeed  for  pavements,  because  probably  some  degree  of 
saltness  prevailinj^  within  it  the  lain  tears  the  slabs  to  pieces. 
Though  tlie  stone  is  too  hard  to  be  acted  on  by  vinegar,  yet  both 
the  white  part  and  even  the  blue  rag  ferment  strongly  in 
mineral  acids. 

"  Though  the  white  stone  will  not  bear  wet,  yet  in  every 
quarry  at  uitervals  there  are  thui  strata  of  blue  rag  which  resist 
rain  and  frost,  and  are  excellent  for  pitching  of  stables,  paths 
and  courts,  and  for  building  of  dry  walls  against  banlcs,  a 
valuable  species  of  fencing  much  in  use  in  this  village,  and  for 
mending  of  roads.  This  rag  is  rugged  and  stubborn,  and  will 
not  hew  to  a  smooth  face,  but  is  very  durable ;  yet  as  these  strata 
are  shallow  [i.e.,  thin]  and  lie  deep,  large  quantities  cannot  be 
procured  but  at  considerable  expense. " 

Topley  observes  that  the  "blue  rag"  mentioned  by  Gilbert 
White  is  a  siliceous  limestone,  which  sometunes  passes  into  a 
ver}^  cherty  stone,  and  is  then  harder  and  hjis  a  more  splintery 
fracture ;  but  it  is  seldom  found  in  thick  enough  bods  to  serve 
well  for  building  purposes.^ 

Sussex. 

The  Malmstone  extends  westward  for  some  distance  into 
Sussex,  but  is  not  quarried  for  any  purpose  at  the  present  day. 
It  appears,  however,  to  have  been  workecl  as  far  back  as  Roman 
times,  for  "  it  has  been  used  in  the  Roman  villa  at  Bignor,  not 
only  for  ordinary  masonry,  but  also,  polished,  in  the  fountain  (?) 
which  is  in  the  centre  of  the  largest  room.  In  this  form,"  says 
Mr.  Topley,  "  it  makes  an  excellent  marble,  which  I  have  not 
elsewhere  seen  employed."  * 

Near  Eastbourne,  where  the  Upper  Greensand  is  nowhere 
more  than  40  feet  thick,  it  contains  oeds  of  greenish  calcareous 
sandstone  which  were  formerly  quarried  for  building.  Mr.  Topley 
observed  that  Pevensey  Castle  was  partly  built  of  this  stone. 
He  also  notes  that  the  ancient  catapult  balls  found  in  the 
neighbourhood  of  Pevensey  and  Ristboume  are  made  of  this 
sandstone  (Op.  cit,  p  372). 

Isle  of  Wight. 

A  bed  of  sandstone,  locally  called  the  fr^esfone,  lying  below 
the  Chert  beds  and  about  4  feet  thick,  affords  a  good  building- 
stone.  Mr.  Strahan  remarks,  "  This  bed  has  been  worked  from 
time  to  time  through  a  large  part  of  its  outcrop  in  the  central 
and  southern  parts  of  the  Islaittl,  but  the  principal  quarries  now 
in  use  lie  around  Shanklin,  Bonchurch,  and  \entnor." '*  The 
beds  above  and  below  it  are  worked  for  firestone  and  hearth- 
stones. 


1  "  Geology  of  the  Weald,"  Mem.  Geol.  Survey  (1875),  p.  372. 

2  "  Geology  of  the  Weald,"  p.  372. 

5  "  Geology  of  the  Isle  of  Wight."    Mem.  Geol.  Survey,  1889,  p.  253. 
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Mr.  M.  Norman^  states  that  this  freestone  can  be  sawn  into 
blocks,  and  into  lengths  for  mullions>  also  that  "Steephill 
Castle  is  decorated  with  grotesque  corbels  over  its  doors  and 
windows  carved  out  of  it."  It  appears  to  be  a  durable  and 
serv'iceable  stone,  for  the  same  author  observes  that  most  of  the 
houses  in  Ventnor,  Bonchurch,  St.  Lawrence,  and  Niton  are 
built  of  it,  as  well  as  St.  Lawrence  Church,  two  churches  at 
Ventnor,  and  the  new  one  at  Bonchurch. 


Wiltshire  and  Dorset. 

At  Pottemo,  near  Devizes,  a  bed  of  dark-grey  compact  and 
fine-grained  sandy  limestone  has  been  quarried  from  time  to  time 
for  building-stone  (see  p.  251).  It  was  used  largely  in  the 
building  of  Blounts  Court  at  Potteme,  and  is  believed  to  be 
very  durable.  There  is,  however,  no  great  thickness  of  it,  the  bed 
seldom  exceeding  2  feet,  and  being  merely  a  single  layer  with 
soft  sand  above  and  below. 

Other  beds  of  rougher  and  less  compact  stone  occur  in  the 
Vale  of  Pewscy  (see  p.  262),  and  have  been  used  locally  in 
building  cottage  and  garden  walls. 

A  becl  of  hard  glauconitic  sandstone  cropping  out  at  Dilton, 
near  Westburv,  has  been  used  for  the  masonry  of  the  railway 
bridges  near  that  place.  At  and  near  Maiden  Bradley  beds  of 
sandstone  in  the  C/hert  beds  have  been  used  as  a  building-stone. 

In  the  Vale  of  Wardour  there  is  a  thick  bed  of  rather  coarse 
glauconitic  stone  which  in  former  days  was  extensively  quarried 
at  many  localities,  but  is  not  now  worked.  Its  position  has  been 
described  in  Chapter  XVI.,  and  its  thickness  vanes  from  10  to  14 
feet.  It  is  a  massive  stone,  would  probably  work  freely,  and 
large  blocks  could  certainly  be  obtained ;  it  consists  of  quartz 
and  glauconite  grains  with  a  cement  of  crystalline  calcite.  I  did 
not  learn  whether  it  was  regarded  as  a  durable  stone,  nor  why 
its  use  had  been  abandoned. 

Dr.  Fitton  says  it  was  called  "  Greenstone  "  at  Fovant,  and 
adds,  "  It  is  valuable  from  its  not  being  affected  by  frost.  It  can 
therefore  be  dug  in  any  setison,  and  stands  well  m  water,  as  in 
the  foundations  of  bridges,  and  in  exposed  situations,  as  in 
copings,  etc." 

The  same  simdstone  extends  southwards  to  Shaftesbury  and 
Melbury.  It  has  been  largely  quarried  near  Shaftesbury,  and  is 
still  used  both  for  building  and  for  road  metal  (see  p.  169). 

At  Melburv,  what  appears  to  be  a  better  bed  of  building-stone 
occurs  at  a  nigher  honzon,  and  is  quarried  on  the  north  side  of 
Melbury  Hill.  This  is  a  fine-grained,  greenish-g^ey  siindstone, 
which  IS  very  soft  in  the  quarry,  and  can  be  easily  worked  as  a 
freestone ;  on  exposure  to  the  air  it  hardens.  I  was  informed 
that  it  had  been  largely  used  in  the  construction  of  Trinity 
Church,  Shaftesbury,  and  used  for  coping-stones  to  the  wall  along 


"  Geological  Guide  to  the  Isle  of  Wight,"  1887,  p.  85. 
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the  Park  at  Iweme  House  (Lord  Wolverton's).  The  quanr 
shows  six  feet  of  this  stone  without  proving  its  base,  and  if  it 
proves  durable  it  would  probably  be  worth  more  extensive 
exploration.  It  probably  extends  ior  a  certain  distance  both  to 
the  north  and  south-west  of  Melbury.  but  does  not  reach  so  far 
as  Iwerne. 

The  only  other  part  of  Dorset  where  I  have  seen  Upper 
Greensand  quarried  for  building-purposes  is  along  the  escarp- 
ment from  Bingham  Melcombe  to  Dogbury  mil,  north  of 
Minterne.  The  bed  is  a  hard  glauconitic  sandstone  with 
calcareous  cement,  fonning  the  topmost  bed  of  the  Greensand 
immediately  below  the  chalk.  It  has  been  used  in  the  con- 
struction of  houses  and  farm  buildings  on  the  high  ground  near 
its  outcrop,  and  is  apparently  a  good  building-stone.  Its  thick- 
ness averages  about  6  or  7  feet,  and  it  includes  many  phosphatic 
nodules  and  phosphatised  fossils  in  its  upper  part,  which  appear 
as  included  brown  lumps  breaking  with  the  stone,  just  like  nints 
in  plum-pudding-stone.  They  do  not  appear  to  detract  from  the 
quality  of  the  sandstone. 

Devonshire. 

Sandstones  in  the  upper  or  chert-bearing  part  of  the  Green- 
sand have  been  quarrica  for  building-stone  in  several  parts  of 
East  Devon. 

On  Snowdown  Hill,  near  Chard,  there  are  quarries  whence 
much  stone  has  been  extracted,  but  they  are  not  now  quarried. 

Again,  at  Branscombe,  there  are  several  quarries  where  the 
highest  sandstone  at  the  top  of  the  Chert  beds  has  been 
quarried,  and  from  which  stone  is  still  taken  for  local  use. 

At  Salcombe,  near  Sidmouth,  there  are  extensive  quarries  in  a 
yellowish  sandstone  near  the  top  of  the  fonnation.  This  lies  in 
massive  beds,  and  is  free  from  cherts,  so  that  it  can  be  taken  out 
in  large  blocks,  and  worked  as  a  freestone.  The  principal  auarry, 
east  of  the  church,  was  worked  until  about  1860,  according  to 
Mr.  H.  B.  Woodward/  and  it  is  stated  that  much  of  Exeter 
Cathedral  was  built  of  this  stone.  Salcombe  Church  and  the 
churches  in  several  neighbouring  parishes  are  built  of  it.  There 
is  another  and  more  recent  quarry  south  of  the  church,  on  the 
eastern  slope  of  Salcombe  Hill.  It  has  also  been  quarried  at 
Dunscombe,  and  large  squared  and  dressed  blocks  still  lie  in  the 
quarry  near  Dunscombe  Farm.  The  rock  is  a  calcareous  sand- 
stone without  any  glauconite  grains,  and  the  portions  exposed  to 
the  air  are  very  hard,  so  that  it  is  probably  a  durable  stone. 

Soluble  Silica  and  Artificial  Stone. 

The  malmstones  and  firestones  with  their  associated  sands  in 
Surrey,  Hampshire,  and  other  counties,  contain  a  form  of  silica 
which  is  soluole  in  alkaline  solutions.  The  existence  of  this 
soluble  silica  was  first  pointed  out  by  Messrs.  Paine  and  Way  in 

^  Geology  of  England  and  Wales,  1887,  p.  394 
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1840,'  and  the  amounts  of  such  silica  found  by  them  in  different 
parts  of  the  Upper  Groonsand  near  Farnhani  have  been  quoted 
on  a  previous  piige  (p.  108.)  In  some  samples  it  ranges  to  as 
much  as  70  per  cent.,  and  is  not  uncommonly  from  40  to  50  per 
cent. 

The  mi(iroscopic  appea^rancc  of  this  silica  has  been  described 
by  Dr.  Hinde  (see  p.  356),  and  it  has  since  been  found  to  exist  in 
greater  or  less  quantity  in  the  rocks  known  tis  mahnstone  and 
gaize,  wherever  these  occur  in  England  and  Fmnce.  It  also 
occurs  in  the  tine  spicule  sands  which  form  layers  in  the  Chert 
Beds  of  Wilts  and  iJorset. 

Messrs.  Paine  and  Way  reconnnended  its  use  as  a  top-dressing 
for  soils  on  which  wheat  and  other  ceroids  were  grown,  but  its 
effect  in  strengthening  the  straw  has  not  been  fomid  to  come  up 
to  their  expectation. 

Another  use  for  it  has,  however,  been  discovered,  namely,  for 
the  manufacture  of  certain  artiticial  stones  in  which  silica  is 
wanted  to  be  converted  into  silicate  of  lime.  It  was  first 
employed  for  this  purpose  by  Mr.  F.  Ransome,  who  made  a  stone 
which  he  called  Apamite,  by  treating  a  mixture  of  Famhara 
malm,  sand  and  chalk  (or  other  calcareous  material)  with  a 
solution  of  silicate  of  soda. 

When  these  materials  are  mixed  together  a  chemical  action 
takes  place,  which  Mr.  Ransome  l)elievea  to  be  as  follows : — "  The 
silicate  of  soda  is  decomposed,  the  silicic  acid  being  liberated 
combines  with  the  hine  and  forms  silicate  of  lime,  while  a 
portion  of  soda  in  a  caustic  condition  is  sot  free.  This  caustic 
soda  immediately  seizes  upon  the  soluble  silica  which  constitutes 
one  of  the  ingredients,  and  thus  forms  a  fresh  supply  of  silicate 
of  soda,  whicn  is  in  its  turn  decomposed  by  a  further  quantity 
of  lime  and  so  on."  ^ 

When  freshly  mixed,  the  material  can  be  moulded  into  any 
required  fonn,  and  it  gniduallv  hardens  as  the  fonnation  of 
silicate  of  lime  goes  on,  till  at  length  the  mass  is  converted  into 
a  compact  stone,  which  is  capable  of  bearing  very  greiit  pressure, 
and  which  is  stixted  to  wear  well,  both  in  hot  and  cold  climates. 
The  weight  of  this  stone  is  about  137  lbs.  per  cubic  foot. 

The  expense  of  making  Apa>nite  and  other  artiticial  stones  is 
a  bar  to  their  extensive  use  for  ordinary  blocks,  "  but  the  facDity 
with  which  it  can  be  moulded  to  the  most  intricate  fonns,  makes 
it  very  economical  when  it  is  required  to  take  the  place  of 
carvings  or  other  enrichments  in  natural  stone  "^ 

A  receipt  for  making  this  stone  is  as  follows : — five  parts  of 
sand,  one  of  Famham  rock,  1 J  of  Portland  cement,  and  the  same 
proportion  of  silicate  of  soda.     (Op.  cit.  p.  75.) 

Victoria  intone  is  another  variety  or  it,  made  from  powdered 
granite,  Portland  cement,  and  silic^tte  of  soda. 


*  See  Journ.  Hoy.  Agric.  Soc.,  vol.  xii.,  p.  544. 

2  See  Keiwrts  Brit.  Assoc,  for  1872,  Trans.  Soc.,  p.  248. 

^  Notes  on  Building  Construction,  vol.  iii.,  \\  74.     Rivingtons. 
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The  silicate  of  soda  is  uiade  by  boiling  ground  Famham  stone 
in  cream  caustic  soda. 

A  mixture  of  four  mrts  of  crushed  granite  with  one  of  Port- 
land cement  is  allowed  to  set  for  three  days  or  more,  into  a  hard 
block  moulded  to  the  required  shape.  It  is  then  immersed  in 
the  silicate  of  soda  for  some  seven  or  eight  weeks.  The  lime  in 
the  cement  acts  upon  the  silicate,  ana  by  the  silicate  of  lime 
thus  formed  the  whole  mass  becomes  indurated. 

Victoria  stone  has  been  used  chiefly  for  paving,  and  is  said  to 
be  cheaper  and  more  durable  than  Yorkshire  flagstones.  It 
weighs  from  140  to  160  lbs.  per  cubic  foot.  It  has  also  been  used 
for  window-sills,  coping  stones,  caps  for  piers  and  in  other 
moulded  forms. 

It  has  been  used  for  the  whole  of  the  external  stonework 
(except  the  cornice)  at  Fresh  Wharf,  London  Bridge ;  for  the 
chimney  shafts  in  Messrs.  Peek  and  Frean's  biscuit  manufactory 
at  Bermondsey,  and  for  paving-stones  in  many  parts  of  London.' 

Bricks,  Tiles,  and  Pipes. 

The  Gault  has  been  largely  dug  for  brickmaking,  and  brick- 
yards have  been  opened  in  it  wherever  there  was  a  local  demand 
tor  bricks.  There  are  also  many  large  permanent  brickyards 
which  not  only  supply  the  wants  of  neighbouring  towns,  but 
export  bricks  to  London  and  other  places. 

Both  the  Lower  Gault  clays  and  the  Upper  Gault  marls  are 
employed  for  brick-making,  though  they  difl'er  considerably  in 
chemical  composition.  So  far  as  we  can  learn  the  upper  clays 
and  marls  produce  the  best  bricks  because  they  contain  more 
carbonate  ot  lime,  while  the  Lower  Gault  is  best  lor  tiles. 

A  good  brick-clay  should  contain  a  certain  amount  of  fine 
sand  and  a  fair  amount  of  carbonate  of  lime,  in  addition  to  the 

fure  clay  or  silicate  of  alumina  of  which  it  is  largely  composed, 
f  these  ingredients  are  not  present  in  the  natural  clay  they 
have  to  be  added  in  suitable  proportions. 

The  presence  of  the  sand  prevents  the  brick  from  cracking, 
shrinking,  and  warping,  as  it  would  do  if  made  from  pure 
silicate  of  alumina  ;  but  an  excess  of  sand  makes  the  brick 
brittle.  Carbonate  of  lime  has  a  twofold  effect,  "  it  diminishes 
the  contraction  of  the  raw  bricks  in  drying,  and  it  acts  as  a  flux 
in  burning,  causing  the  grains  of  silica  to  melt,  and  thus  binding 
the  particles  of  the  brick  together"  by  the  formation  of  a 
silicate.* 

The  carbonate  of  lime,  however,  must  be  in  a  very  finely 
divided  state ;  lumps  or  concretions  of  carbonate  of  lime  such 
as  freauently  occur  in  clays  and  are  often  called  "  race,"  should 
be  picked  out  carefully,  as  when  bunit  they  form  quicklime,  and 
by  absorbing  moisture  split  the  brick  into  pieces. 

When  caroonate  of  lime  is  added  to  a  clay  it  is  generally  in 

I  Quoted  horn  Notes  on  Building  Construction,  vol.  iii.,  p  75. 
*  Notes  on  Building  Construction,  vol.  iii.,  p.  86.    Rivingtone. 
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the  form  of  powdered  chalk ;  an  excess  of  lime  causes  the  brick 
to  melt  and  lose  its  shape. 

There  is,  however,  a  wide  margin  for  the  proportions  of  all 
these  ingredients.  A  good  brick-clay  may  contiim  from  10  to 
25  per  cent,  of  line  sand,  from  (>  to  *M)  per  cent,  of  carbonate  of 
lime,  and  from  45  to  70  per  cent,  of  silicate  of  alumina. 

In  ordinary  analyses  the  silica  which  exists  as  sand  is  not 
showTi  separately  from  that  which  is  combined  with  the  alumina, 
and  thus  they  are  not  so  useful  as  they  might  be  in  determining 
the  value  of  a  clay  for  brickmaking,  A  rough  estimate  may 
however  be  mxde,  on  the  assumption  that  the  alumina  is  present 
as  a  hydrated  bisilicate  of  alumina,  the  proportion  of  suica  in 
combination  being  as  4G()  to  39*5.  In  many  clays  much  of  the 
silicate  of  alumina  is  present  as  finely  divided  mica,  but  common 
rauscovite  mica  has  from  45  to  48  per  cent,  of  silica,  and  from 
80  to  3G  per  cent,  of  alumina. 

Analyses  of  Gault  clays  show  that  water  of  combination  is 
always  present  in  quantities  varying  irom  4  to  13  per  cent.,  an 
indication  that  much  of  the  alumina  is  present  as  a  hydrated 
silicate.  The  Upper  Gault  clays  generally  contain  a  sufficient- 
amount  of  carbonate  lime ;  but  they  are  deficient  in  free  sand, 
so  that  some  is  usually  added  to  the  clay  for  making  bricks. 

Grault  bricks  are  generally  of  very  good  quality,  hard  through- 
out and  very  durable,  but  they  are  difficult  to  cut  when  half 
bricks  are  wanted.  They  are  also  heavy,  and  to  remedy  this  the 
brick  is  either  perforated,  or  a  hollow  is  mtide  on  one  side  and 
this  is  technically  called  a  "  frog." 

The  stronger  Gault  clays,  especially  those  of  the  Lower  Gault 
which  contain  less  carbonate  of  lime,  are  suiUible  for  making 
tiles  and  agricultural  drain  pipes,  and  for  these  the  clay  is 
generally  used  without  any  addition  of  sand. 

Bricks  made  from  the  natural  Gault  clays  and  marls  are 
almost  always  pale  coloured — either  white  or  pale  yellow, — but 
the  inferior  sorts  are  sometimes  mottled  with  pink  or  red,  these 
colours  behig  due  to  some  partial  oxidation  of  the  iron  in  the 

Crocess  of  baking  or  burning.  The  lowest  part  of  the  Gaidt, 
owever,  sometimes  makes  red  bricks. 

What  are  known  as  Suffolk  White  Bricks  are  made  from 
the  Gault  clay  at  Hitchin  and  elsewhere.  "  They  contain  a  very 
large  pro{X)rtion  of  sand,  which  makes  them  useful  for  rubbers.^ 
They  are  rather  soft  for  ordinary  building  purposes,  but  harden 
in  time,  which  is  attributed  to  tne  silicic  acid  m  the  clay  acting 
upon  the  chalk  [calcium  carbonate],  so  as  to  fonn  some  of  it 
into  silicate  of  lime." 

The  Burham  Brick,  Lime,  and  Cement  Company,  the  Ayles- 
ford  Brick  and  Tile  Company,  the  Dun  ton  Green  Brick  "and 
Tile  Works,  the  Arlesey  Brick  and  Cement  Company,  and  the 
brickyards  at  Barnwell  near  Cambridge,  are  some  of  the  largest 


*  Notes  on  Building  Con.struction,  vol.  iii.,  p.  107  :  "  *  Rubbenf*  are 
bricks  made  sufficiently  soft  to  be  cut  with  a  trowel  to  any  rcciuired  shape 
aod  then  rubbed  to  a  smooth  face." 
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makers  of  bricks  from  the  Gault  clays  and  marls.  Analyses  of 
the  marls  dug  at  some  of  these  places  have  been  given  in  Chapter 
XXIII.  Samples  of  the  bricks  made  at  these  yards,  and  of  the 
clay  used  in  making  them,  are  now  exhibited  m  the  Economic 
Department  of  the  Museum  of  Practical  Geology  in  Jcrmyn 
Street.  We  are  also  indebted  to  the  managers  of  these  com- 
panies for  some  of  the  information  above  given  and  for  the 
following  notes. 

The  beds  exposed  in  the  large  brickyard  at  Burham  have 
been  described  on  p.  89.  From  a  brickmaking  point  of  view 
they  are  divisible  into  the  blue  clays  and  the  grey  marl  (known 
to  the  company  as  the  "  white  marl ").  The  latter  is  only  used 
for  hand-made  bricks,  and  all  the  machine-made  bricks  are  made 
from  the  blue  clays  alone,  which  contain  from  20  to  31  per  cent, 
of  carbonate  of  lime,  known  m  the  trade  as  "  chalk."  The  bricks 
always  burn  white  or  very  pale  yellow.  The  chief  output  of  the 
works  are  solid  bricks,  both  ordinarj'  and  moulded  bricks  of 
various  shapes. 

The  Dunton  Green  Brickyard  is  opened  in  a  lower  part  of 
the  Gault  (see  p.  90).  The  manager  of  the  works  kindly  informs 
us  that  for  brickmaking  purposes  the  clay  dug  is  of  two  difterent 
kinds,  the  top  portion  lor  a  depth  of  14  to  30  feet  making  white 
bricks,  and  the  lower  portion  making  red  bricks.     The   two 

Eortions  are  separated  by  a  layer  of  fossils,  probably  that  noted 
etween  beds  on  p.  90.  The  two  clays  are  kept  separate  for 
making  into  the  two  kinds  of  bricks ;  no  chalk  is  added  to  either 
but  sand  is  always  used  in  varvdng  proportions.  Tliese  works 
manufacture  the  following  articles:  solid  bricks,  roofing  and 
weathering  tiles  ^pressed  and  hand-made),  ridge  tiles,  hip  and 
valley  tiles,  and  also  pottery  ware.  All  the  tiles  and  pottery  are 
made  from  the  clay  which  bums  red,  the  lighter  clay  being  only 
used  for  bricks. 

Phosphatic  Nodules  (Coprolites). 

Phosphatic  nodules  occur  both  in  the  Gault  and  in  the 
Greensands  at  various  horizons,  from  the  very  base  up  to  the 
top  of  the  formation. 

In  the  Gault  phosphatic  nodules  occur  both  in  seams  or 
layers,  and  also  scattered  through  portions  of  the  clay.  From  the 
account  given  of  the  Kentish  Gault  (Chapter  V.),  it  will  be  seen 
that  the  Gault  of  that  county  is  particularly  rich  in  phosphate 
of  lime  and  that  layers  of  nodules  occur  at  many  horizons. 

In  the  Upper  Greensand  they  seldom  occur  as  lavers,  but  are 
generally  scattered  through  a  certain  thickness  of  the  sands.  In 
North  Dorset  however  the  highest  bed  of  sandstone  contains  a 
real  nodule  bed  varying  in  thickness  from  six  inches  to  two  feet 
(«cc  p.  166). 

Most  of  the  nodule  beds  are  of  small  geographical  extent,  but 
some  of  them  have  been  traced  and  worKcd  along  an  outcrop  of 
many  miles. 

The  colour  of  phosphatic  nodules  varies  considerably,  being 
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sometimes  a  very  pale  buff,  sometimes  brown,  and  often  a  very 
dark  grey  or  nearly  black.  In  the  Gault  there  are  frequently 
botli  bun*  coloured  and  black  phosphates,  but  in  the  case  of  the 
latter  the  dark  tint  is  external  only,  the  interior  being  always 
pale  grey  or  buff.  Those  whicli  occiu*  in  layers  are  generally 
black,  but  sometimes  they  have  lumps  of  light-coloured 
phosphate  attached  to  them  and  sometimes  two  or  more  black 
nodules  are  partially  embedded  in  light  phosphate.  In  such 
cases  it  is  probable  that  the  clay  in  which  the  black  phosphates 
were  formed  luis  been  washed  away  by  the  action  of  a  current, 
leaving  the  nodules  to  accumulate  as  a  layer,  and  that  a  fresh 
formation  of  phosphate  has  subsequently  tiiken  place. 

In  the  Greensand,  the  phosphatic  lumps  are  generally  brown, 
often  a  bright  brown,  and  in  many  cases  they  appear  as  more  or 
less  angular  fragments,  the  original  nodule  or  phosphatisecl 
organism  having  been  broken  up  after  its  complete  consolida- 
tion, and  before  its  final  embedment  in  the  Sixnd,  which  now 
encloses  the  fragments. 

Phosphatic  nodules  and  fragments  may  be  classed  under  five 
heads : — 

1.  Nodules  which  are  evidently  internal  casts  of  the  shells  of 
Mollusca,  or  of  the  tests  of  Echinoderms,  &c. 

2.  Nodules  which  seem  to  have  been  formed  by  the  accumula- 
tion of  phosphatic  matter  in  and  around  a  decaying  siliceous 
sponge. 

3.  Nodules  of  indeterminate  shape,  which  have  probiibly 
originated  from  the  decay  of  soft-bodied  organisms. 

4.  Phosphatic  septaria : — ^apparently  lumps  of  phospliatised 
mud,  which  have  shrunk  in  volume  during  consolidation,  leaving 
a  space  in  the  centre  from  which  cracks  radiate ;  such  nodules 
are  often  brittle,  and  fly  to  pieces  when  tapped. 

5.  Fragments  of  shells  and  of  other  Ciilcareous  bodies,  in 
which  the  carbonate  of  lime  has  been  replaced  by  phosphate  of 
lime. 

Phosphatic  nodules  have  been  raised  in  many  places,  for  the 
purpose  of  converting  them  into  a  soluble  superphosphate,  to  be 
employed  as  a  manure.  There  was  at  one  time  (from  about  1856 
to  1880)  a  great  demand  for  English  phosphates,  and  phosphatic 
nodules  were  dug  in  many  places ;  but  the  demand  stimulated 
exploration  in  other  countries,  and  phosphatic  deposits  of  various 
kinds  were  found  in  many  parts  ot  the  world. 

The  introduction  of  foreign  phosphates  reduced  the  price  of 
the  raw  material  in  England,  till  at  the  present  time  it  hardly 
pays  to  work  the  English  deposits.  Moreover,  the  oislly  access- 
ible portions  of  the  best  nodule  beds  have  been  nearly  '.».xhausted, 
and  so  long  as  foreign  supplies  continue  to  be  abundant  it  will 
not  pay  to  follow  these  deeper  nor  to  work  the  second-rate 
nodule-beds  which  still  remain  in  England.  A  few  pits,  however, 
are  still  worked  near  Cambridge. 
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Phosphatic  nodules  are  commercially  known  in  England  as 
**  caprolites"  a  name  that  came  into  use  from  an  erroneous 
supposition  that  all  were  the  fossilised  dung  {icoirposi)  of 
extmct  animals. 

The  method  of  extracting  the  nodules  is  as  follows :  a  long 
'  trench  is  dug  at  one  side  of  tne  tield  to  be  worked,  the  overlying 
clay  or  marl  being  dug  out  till  the  nodule  bed  is  rciiched ;  if'  the 
depth  to  be  removed  is  more  than  8  or  9  feet,  the  trench  Ls  made 
in  two  or  three  steps  or  platforms,  according  to  the  depth  at 
which  the  nodule  bed  occurs.  As  the  nodules  are  taken  out  the 
trench  is  filled  up  again  \vith  the  material  removed.  The  whole 
thickness  of  the  nodule  bed  is  shovelled  into  barrows  and  taken 
to  the  washing  mill.  This  is  a  circular  iron  trough,  with  a  pivot 
in  the  centre  to  which  a  set  of  travelling  rakes  are  attached;  a 
constant  stream  of  water  is  kept  running  through  the  trough, 
while  the  rakes  are  dragged  round  and  round  by  a  horse  till  all 
the  adherent  clay  and  sand  is  washed  ott*  the  nodules.  The 
dirty  water  having  been  run  off,  tlio  nodules  are  left  in  the 
trough  and  are  carted  away  to  be  delivered  to  the  manufacturer. 

They  are  then  ground  to  a  powder,  and  this  is  heated  with 
sulphuric  acid  to  convert  the  tribasic  phosphate  of  lime  into  a 
soluble  superphosphate. 

The  best  phosphates  are  those  which  contain  a  large  percentiige 
of  phosphate  of  lime,  and  a  small  percentage  of  alumma  and  of 
the  oxides  of  iron.  Thus,  in  the  case  of  two  kinds  of  nodules, 
which  on  analysis  are  found  to  contain  about  the  same  proportion 
of  phosphoric  acid,  that  kind  will  be  best  for  the  manufacture  of 
superphosphate  which  contains  the  smaller  amount  of  aluniina 
and  oxide  of  iron. 

The  presence  of  carbonate  of  lime,  if  not  in  excessive  quantity, 
is  rather  an  advantage  than  other-vvise,  and  most  of  the  best 
nodules  contain  from  10  to  15  per  cent,  of  calcium  carbonate. 
Calcium  fluoride,  however,  which  almost  always  occurs  in  small 
quantity  (from  1  to  4  per  cent.),  is  disadvantageous,  as  it  wastes 
acid,  and  in  becoming  sulphate  of  lime  its  weight  increases  and 
it  remains  as  a  useless  ingredient. 

We  have  collected  such  analyses  of  phosphatic  nodules  from 
the  Gault  and  Greensand  as  have  been  published  from  time  to 
time.  Dr.  Voelcker  has  pointed  out  that  m  ordinary  commercial 
analyses  the  phosphates  have  generally  been  precipitated  by 
ammonia,  a  process  which  invariably  prccij^iiitUs  a  certain 
amount  of  calcium  carbonate  at  the  same  time;  and  fiurther, 
that  all  the  calcium  fluoride  present  is  also  precipitated  with  the 
phosphates,  the  result  being  that  the  amount  of  phosphate  of 
lime  is  stated  at  3  or  4  per  cent,  higher  than  it  really  is.^ 

The  real  amount  of  the  phosphate  of  lime,  says  Dr.  Voelcker, 
"  can  only  be  correctly  estimated  by  determining  the  percentage 
of  phosphoric  acid,  and  calculating  from  this  acid  the  amount  of 
bone-earth  "  (tribasic  phosphate  of  lime). 


*  Jouiu.  Roy.  Agric,  }Soc.,  vol.  xxL,  p.  357.    (1860) 
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Lower  GauXt  Nodides. — Phosphatic  nodules  have  been  found 
at  or  near  the  base  of  the  Gaiilt  in  sufficient  quantity  to  pay 
for  working  in  several  parts  of  the  country — at  Cheriton,  near 
Folkestone ;  at  Wracclesham  and  Frensham,  near  Famham ;  at 
Dinton  and  Towersey,  in  Oxfordshire ;  at  Shefford,  in  Bedford- 
shire ;  and  near  West  Dereham,  in  Norfolk. 

At  Cheriton  the  sections  showed  two  beds  of  nodules,  and  the  two  feet 
of  clay  between  them  contained  scattered  nodules  wnich  were  picked 
out  by  hand.  Mr.  Topley  has  described  the  section  (see  p.  )  and  the 
method  of  working  them,  but  no  analysis  of  them  seems  to  have  been 
published. 

Dr.  J.  T.  Way,  however,  analysed  two  samples  from  the  bed  at  the 
base  of  the  Am.  inter niptu^  zone  at  Folkestone,  and  a  sample  taken 
from  where  the  bed  dipped  under  the  sea  gave  25*27  per  cent,  of  phos- 
phoric acid,  equal  to  52*17  of  phosphate  of  lime.  A  nodule  taken  from 
a  mass  fallen  onto  the  shore  gave  a  very  diiferent  composition,  con- 
sisting mainly  of  gypsum  with  some  phosphjftte  of  iron.^ 

The  corresponding  bed  at  Wissant  has  also  been  worked  and  an 
analysis  of  a  bulk  sample  of  the  nodules  has  been  puWished  by  M. 
Bertliier,^  as  follows : — 


Analysis, 

Phosphoric  acid  -  24*00 
Carbonic  acid  -  -  4*00 
Lime  -  -  -  34*70 
Oxide  of  iron  -  -  1*30 
Pyrites  -  -  -  7*80 
Clay  -  -  -  19*60 
Water,  organic  mat- 
ter, and  loss         -  8*00 

100*00 


Camjx)sitto7K 

Phosphate  of  lime  -  -  ft2*39 

Carbonate  of  lime  -  -  9*09 

Lime  in  excess       -  -  1*22 

Oxide  of  iron         -  -  1*30 

Pyrites  -        -        -  -  7*80 

Clay       -        -        -  -  19*60 

Water  and  loss,  etc.  -  8*60 


100*00 


The  nodules  formerly  worked  at  Wrecclesham  and  Frensham,  on  the 
borders  of  Surrey  and  Hants,  occur  at  about  the  same  geological  horizon. 
They  have  been  described  by  Messrs.  Paine  and  Way,  and  the  section  is 
given  on  p.  96.  Mr.  Way  analysed  a  lump  of  the  second  phosphatic 
bed,  which  is  described  as  a  conglomerate  of  fossils  and  nodules  in  a 
matrix  of  sand.  This  lump  was  broken  up,  sifted,  and  the  fossils  were 
washed  ;  these  fossils,  powdered  but  not  dried,  gave  on  analysis  : — 

Insoluble  siliceous  matter        -        -        -        -  43*87 

Soluble  silica 3*25 

Organic  matter,  water,  and  fluorine         -        -  3*44 

Phosphoric  acia 20*80 

Carbonate  of  lime    - 1*06 

Lime  in  combination  with  phosphoric  acid     -  23*86 

Oxide  of  iron  and  alumina      .        -        .        -  3-35 

Magnesia  and  loss 0*37 


100*00 


It  will  be  noticed  that  the  amount  of  sand  and  siliceous  matter  in 
the  above  analysis  is  large  ;  the  authors  say  this  might  be  reduced  and 
the  proportion  of  phosphate  of  lime  increased  by  a  more  careful  process 
of  sifting,  so  as  to  separate  the  grains  of  sand  from  the  powder.  It  is 
also  wortny  of  notice  that  the  proportion  of  carbonate  of  lime  is  very 
small.  The  amount  of  phosphate  of  lime  shown  by  the  above  analysis 
may  be  taken  as  44*66  per  cent. 


*  Joum.  Roy.  Agric.  Soc.,  vol.  ix.,  p.  81.    (1848.) 

*  Annales  des  Mmes,  vol.  v.,  p.  208.    (1820.) 
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Messrs.  Paine  and  Way,  in  1848,  gave  the  following  analysis  of  a  "  large 
Gault  fossil  from  Famhani,"  presumably  a  nodule  from  the  main  mass 
of  Lower  Gault  near  Fanihara  : — 

Insoluble  siliceous  matter        -        -        -        -  '91 

Organic  matter 2*94 

Phosphoric  acid 24*28 

Carbonic  acid 12  "43 

Lime 47*46 

Magnesia *21 

Oxide  of  iron 2*91 

Water,  fluorine,  an<l  loss 8*86 


100*00 


Tlie  amount  of  phosphoric  acitl  in  this  analysis  is  equivalent  to 
53  per  cent,  of  phosphate  of  lime,  and  if  all  tlie  carl)onic  acid  were 
combined  with  lime  there  would  be  28*25  per  cent,  of  calcium 
carbonate. 

Prof.  J.  B.  Harrison  has  carefully  analysed  a  nodule  from  the  I^wer 
Gault  of  Ridge,  in  the  Vale  of  Wardour,  sent  him  by  myself,  and  has 
kindly  furnished  the  following  results  : — 


Analysis. 

Moisture-        -        -  "25 

Loss  on  ijmition      -  3*40 

Colloid  silica  -        -  1*10 

Clay  and  quartz      -  12*1G 
Iron    peroxide   and 

alumina  -  -  4*44 
Iron  protoxide  -  3*74 
Calciuni  oxide  -  39*12 
Magnesium  oxide  -  *54 
Carbonic  anhydride  11*41 
Sulphuric  anhydride  '53 
Phosphoric  anhy- 
dride   -        -        -  23*64 

100*33 


ComjwsitiOTi, 

Moisture  -        -        - 
Loss  on  ijfnition 
Colloid  silica  - 
Clay  and  quartz 
Iron    peroxide    and 

alumina 
Ferrous  carbonate  - 
Calcium  carbonate  - 
Magnesium      car- 
bonate- 
Calcium  sulphate    - 
Calcium  phosphate - 


25 

3*40 

1*10 

12*16 

4*44 

6*03 

19*38 

1*13 

*83 

51*60 


100*32 


Upper  Gdult  Nodules. — Phosphatic  nodules  occurring  in 
Upper  Gault  have  only  been  worked  in  one  part  of  England, 
namely,  between  Puttenliam  in  Bucks,  and  Stanbridge  in 
Bedfordsliire.  The  following  analyses  of  them  have  been 
pubUshed,  the  first  being  a  sample  analysed  by  Mr.  Bernard 
Dyer,  the  second  by  Mr.  Alfred  Sibson. 


Moisture 

Lime       :."'"" 
Phosphoric  acid 
Alumina  -        -        -        -        - 
Oxide  of  iron  -        -        - 
Carbonic  and  sulphuric  acids  - 
Insoluble  siliceous  matter 


Mr.  Dyer  states  that  the  rough  sample  contained  *52  of  moisture  and 
59*53  of  tribasic  phosphate  of  lime.  The  amount  of  phosphoric  acid  in 
his  analysis  is  equivalent  to  59*85  per  cent,  of  the  phosphate.  The 
analyses  by  Mr.  Sibson  shows  a  very  high  percentage  of  phosphoric 


432 


CRETACEOUS  BOCKS   OF  BRITAIN. 


acid,  and  probably  includes  some  calcium  fluoride,  which  is  precipitated 
with  the  phosphate  unless  care  is  taken  to  prevent  it.^ 

The  following  are  imrtial  analyses  of  tne  nodules  formerly  raised 
from  a  seam  about  20  feet  above  the  base  of  the  Gault  near  Shefford,  in 
Bedfordshire  (see  p.  285).  The  lirst  was  made  by  Dr.  Voelcker,  the 
sec(md  by  Mr.  Bernanl  Dyer ;  and  both  were  communicated  to  nie 
many  years  ago  by  Sir  ,J.  B.  Lawes,  of  St.  Albans. 


Moisture  and  organic  matter         .        -        - 

Lime     - 

Phosphoric  acid 

Carbonic  acid,  sulphuric  acid,  oxide  of  iron 

alumina,  magnesia,  ttc.       -        -        -        - 

Insoluble  siliceous  matter     -        -        -        - 


I. 

11. 

3*79 
46*13 
27*68 

17*76 
4*64 

5*85 
44*44 
27*27 

16*01 
6*43 

100*00 

100*00 

The  amount  of  phosphoric  acid  in  the  first  analysis  is  equivalent  to 
60*42  per  cent,  of  lx)ne-earth  phosphate  of  lime,  and  that  of  the  second 
to  59*53  of  phosphate  of  lime.  As  the  carbonic  acid  was  not  sei>arately 
estimated,  the  amount  of  carbonate  of  lime  cannot  be  calculated,  but 
there  is  probably  about  24  or  25  per  cent,  in  each  case. 

Ctnihri'l;/e  "  CoprolUes" — These  may  be  mentioned  here, 
for  although  they  now  occur  in  a  bed  at  the  base  of  the  Chalk 
Marl,  they  are  really  nodules  derived  from  the  Upper  Gault,  and 
must  bo  regarded  as  having  been  formed  originally  in  the  Gault, 
and  not  in  the  Chalk  Marl, 

Dr.  a.  Voelcker  analysed  three  sami)les  of  these  nodules  in  a  very 
omplete  manner  and  published  the  results  in  ISeo,'-^  these  bein^;  as 


follows  :— 


Moisture  and  organic  matter 
tPhosphoric  acid 
Carbonic  acid 

Sulphuric  acid 

Chloride  of  sodium 
Lime      - 
Magnesia 
Oxide  of  iron  - 
Alumina         .        -        - 
Potash    -        -        -        - 
Soda       -        - 
Insoluble  siliceous  matter 
Fluorine  and  loss   - 


•^ Equal  to  tril>asic  phosphate  of  lime 


No.  1. 


No.  2. 


4*63 

25*29 

6*66 

•76 

*09 

43*21 

1*12 

2*46 

1*36 

•32 

*50 

8*64 

4*96 


100*00 


54*89 


4*01 

26*75 

5*13 

1*06 

traces. 

45*39 

•48 

1*87 

2*57 

*84 

•73 

6*22 

4*95 


100-00 


57*12 


No.  3. 


3*52 
.    27-01 
5-49 
/        Not 
(^determin'd. 
traces. 
46*40 
1*06 
2*08 
T41 
\       Not 
J  determined. 
6-04 
6*79 


100*00 


58*52 


*  See  Dr.  Voelcker  in  Journ.  Roy.  Agric.  Soc.,  vol.  xxi.  p.  358. 
the  amount  of  calcium  fluoride  is  often  3  or  4  per  cent. 
'  Journ.  Roy.  Agric.  Soc.,  vol.  xxi.  p.  358.    (I860,) 
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•  Dr.  Voelcker  also  gives  the  several  amounts  of  carbonate  of  lime  on 
the  assumption  that  all  the  carbonic  acid  is  combined  with  lime,  but  it 
is  probable  that  the  magnesia  is  also  in  the  state  of  a  carbonate.  It  is 
impossible  to  say  exactly  how  all  the  elements  are  combined  in  the 
original  nodule,  but  there  is  always  a  slight  excess  of  lime  beyond  that 
required  to  combine  A^ith  the  acids  to  form  ])hosphate  carbonate  and 
sulphate  of  lime,  and  with  the  fluorine  to  form  fluoride  of  calcium.  It 
is  probable  that  this  excess  of  lime,  with  the  iron  and  alumina,  is 
derived  from  the  oartial  decomposition  of  a  silicate,  such  as  glauconito, 
by  the  action  of  the  hydrochloric  acid  used  as  a  solvent  in  making  the 
analysis. 

On  the  suppositions  above  mentioned  the  composition  of  the  nodules 
analysed  may  be  stated  as  follows,  omitting  the  chloride  of  sodium, 
which  was  only  estimated  in  one  of  them  :— 


Moisture  and  organic  matter 
Phosphate  of  lime  (3  CaO,  Ffiid 
Carbonate  of  lime 
Sulphate  of  lime 
^Fluoride  of  calcium 
Carbonate  of  magnesia 

{Excess  of  lime      -        -        - 
Oxide  of  iron  and  alumina 
Potash  and  soda  - 
Insoluble  matter 
Loss 


No.  1. 

No.  2. 

No.  3. 

4-63 

4*01 

3-52 

65-21 

58-39 

58-96 

12-25 

10-47 

9-94 

1-29 

1-80 

— 

4*00 

3*00 

2-20 

2*35 

1-00 

2-22 

3*89 

5-61 

8-01 

3-82 

4-44 

3-49 

•82 

1.57 

8-64 

6-22 

604 

3*01 

2-54 

5*72 

99*61 

99.05 

100-10 

If  the  Magnesia  is  present  as  a  phosphate,  the  total  amount  of  phos- 
phates will  be  slightly  less  and  the  excess  of  lime  will  be  a  little  greater : 
the  proportion  of  carbonate  of  lime  will  also  be  greater,  but  thq  total 
of  carbonates  nearly  the  same. 

Road  Metal. 

The  "  Greonsand "  part  of  the  formation  contains  manv  beds 
of  stone,  which  have  been  used  for  road-metal,  some  of  them 
continuous  layers,  and  some  being  layers  of  large  isolated 
doggers,  or  "  burr-stones,"  as  they  arc  called  in  Wiltshire.  The 
cherts,  locally  known  as  flints,  which  they  much  resemble, 
are  also  used  in  most  of  the  districts  where  they  occur. 

The  continuous  beds  of  calcareous  sandstone  are  often  termed 
"  ragstone  "  by  the  workmen.  Such  beds  occur  and  have  been 
used  for  this  purpose  in  Hampshire  (see  v.  104);  in  Wiltshire 
(see  pp.  241  and  251);  in  the  Isle  of  Wignt  (see  p.  135);  and 
in  North  and  West  Dorset  (see  pp.  162  and  171). 

The  Chert  beds  have  been  worked  for  road-metal  in 
Wiltshire,  near  Warminster,  Sutton- Veny,  Longbridge  DeveriJl, 
and  Maiden  Bradley.  In  the  Isle  of  Wight  they  have  been  dug 
on  St.  Catherine's  Down,  near  Ventnor,  at  Shorwell,  Gatcombe 
and  Whitcombe.  They  have  been  also  dug  in  parts  of  West 
Dorset  and  at  many  places  in  East  Devon,  where  the  payers  of 

*  The  amounts  of  fluoride  of  calcium  are  taken  from  a  paper  by  Mr.  W. 
C.  Reid  in  the  "  Chemical  News,"  vol.  3-4,  p.  48  (1876),  where  thase  analyses 
are  referred  to,  but  are  not  given  in  full. 
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chert  are  very  niiraerous  and  have  often  settled  and  sUpped  down 
into  tracts  of  chert  gravel. 

In  many  places,  too,  cherts  are  picked  off  the  surface  of  the 
fields  ancf  carted  thence  to  the  road  without  the  trouble  of 
quarrying. 

Cherts,  when  broken  small  enough,  make  a  good  road  for 
winter  wear  and  for  so  long  as  they  are  kept  wet  by  rain,  but 
they  brciik  up  into  dust  and  sharp  chips  of  stone  in  dry  weather, 
and.  the  road  then  becomes  loose  and  bad,  especially  lor  rubber 
tyres.  The  surface  lasts  better  if  they  are  mixed  with 
ragstone  or  some  hard  kind  of  limestone. 

Scythe  Stones. 

We  know  of  only  two  places  where  stones  for  sharpening 
scythes  have  been  obtiiined  from  the  Greensand ;  the  first  is  the 
Blackdown  Hills  of  Devonshire,  north-west  of  Honiton,  and  near 
Kentisbeare;  the  second  is  west  of  Mere  on  the  borders  of 
Somerset  and  Wiltshire. 

The  Blackdown  beds  were  largelv  worked  at  the  beginning  of 
the  century,  but  the  demand  has  fallen  off  so  largely  that  at  the 
present  time  only  one  family  carries  on  the  work  and  only  one 
mine  or  tunnel  is  open. 

The  beds  which  yield  the  siliceous  concretions,  from  which  the 
whetstones  are  made,  have  been  described  on  page  214,  and  the 
following  account  of  the  industry  is  quoted  firom  that  given  by 
Dr.  Fitton  in  1836^  :— 

"  The  total  thickness  of  the  strata  which  furnish  the  material  for  sithe- 
stones,  including  the  rejected  sand  and  rubbish,  is  from  12  to  18  feet ;  the 
whole  of  which  is  removed  in  cutting  the  drifts  or  galleries.  .  .  .  These 
are  driven  in  direct  lines  into  the  hill,  almost  horizontally,  and  in  some 
cases  for  considerable  distances.  The  stony  masses  from  which  the  sithe- 
stones  are  cut  are  concretions  of  very  irregular  figure,  embedded  in  looser 
sand    .    .    .    they  vary  from  6  to  about  18  inches  in  aiameter. 

"  When  first  taken  out  the  stone  is  greenish  and  moist  and  can  be  cut  or 
chopped  with  ease.  The  tools  employed  are  a  sort  of  axe  or  adze  with  a 
short  handle,  called  a  *  basing-hammer,'  which  is  ground  to  a  sharp  edge.     . 

"  For  the  purpose  of  cutting  the  stones  a  vertical  post  of  wood  or '  anvil ' 
is  so  fixed  in  the  ground  as  to  stand  between  the  knees  of  the  workman- 
who  sits  upon  a  sort  of  bench  built  of  stone,  with  some  strong  pieces  of  ola 
leather  as  a  defence  to  his  left  knee.  He  first  with  the  edge  of  his  basing- 
hammer  si>Uts  from  the  blocks  upon  his  knee  long  i)ortions  approaching  to 
the  shape  of  the  sithe-stcmes,  and  then  cuts  or  chops  them  down  nearly  to 
the  required  size  upon  the  anvil  and  his  knee— just  as  a  carpenter  cuts 
timber  with  an  adze.  After  being  thus  rudely  shaped,  the  stones  are  hewn 
to  the  proper  dimensions  with  a  large  hammer,  and  then  rubbed  down  with 
water  by  women  on  a  large  stone  of  the  same  kind ;  when  dried  they  are 
fit  for  sale. 

"The  stones  when  finished  vary  from  about  ten  to  twelve  inches  in 
length  ;  some  have  the  shape  of  a  portion  of  an  almond,  with  the  ends  and 
bides  cut  square,  and  about  2  inches  by  1 J  in  thickness  ;  others  are  almost 
cylindrical,  but  smaller  at  each  end,  with  the  sides  a  little  curved,  the 
(fiameter  in  the  middle  about  2  inches.  A  good  workman  can  cut  out  of 
tho  blocks  about  seven  dozen  of  the  stones  per  day." 


Dr.  O.  J.  Hinde  describes  the  material  of  the  concretions  as  "porous,  very 

,  partly  hard  and  partly  soft  and  friable.    It  is  filled  with 


harsh  to  the  feel, 


*  Trans.  Qeol.  Soc.,  Ser.  2,  vol.  iv.  p.  236. 
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sponge-spiculea  and  their  empty  casts  cemented  together  by  chalcedonic 
silica.  Quartz  sand  and  glaiiconite  grains  are  also  proient,  but  no  calcite, 
and  only  a  small  amount  of  mica."^ 

Water  Supply. 

Where  the  Sclbomian  group  consists  largely  of  sand  or  of 
malmstone,  it  often  yields  a  copious  supply  of  good  water 
Along  a  gentle  scarp  where  these  beds  are  underlain  by  the  Gault 
clays  and  uiarls  much  of  the  water  is  thrown  out  at  the  surface 
in  the  form  of  springs,  while  the  rest  of  it  passes  inward  along 
the  subterranean  extension  of  the  beds. 

The  quantity  of  water,  however,  which  finds  its  way  into  the 
Greensand  depends  mainly  on  two  conditions :  (1)  the  breadth  of 
the  outcrop  or  basset  surface,  (2)  the  marliness  of  the  lower  part 
of  the  overlying  Chalk.  Where  the  beds  are  steeply  inclined  the 
breadth  of  the  basset  surface  is  small,  and  consequently  the 
amount  of  water  absorbed  by  it  is  also  comparatively  small. 
Again,  where  the  overlying  chalk  is  very  marly,  the  water  which 
passes  down  through  tne  mass  of  the  Cnalk  does  not  reach  the 
Greensand,  but  is  held  up  by  the  Chalk  Marl,  and  part  of  it 
issues  in  a  separate  set  of  springs.  Where,  however,  tne  Chalk 
Marl  contains  little  argillaceous  matter,  as  in  parts  of  Wiltshire, 
or  where  it  is  traversed  by  many  fissures,  some  of  the  Chalk 
water  seems  to  get  through  to  the  Greensand  and  swells  the 
volume  of  the  springs  which  are  thrown  out  by  the  Gault. 

Along  the  northern  border  of  the  Wealden  area  the  conditions 
do  not  favour  the  absorption  of  water  by  the  Upper  Greensand ; 
for  the  outcrop  is  narrow  and  the  overlying  Chalk  Marl  is 
decidedly  argillaceous.  As  a  consequence  the  springs  issuing 
from  the  sandy  beds  are  feeble,  and  so  little  water  finds  its  way 
along  their  xmderground  extension  that  few  borings  in  the 
London  Basin  derive  any  supply  from  this  fonnation. 

There  is  indeed  only  one  bormg  in  London  which  has  obtained 
any  considerable  supply  from  this  source,  and  that  was  made  in 
1879  at  the  Albion  ferewery,  Mile  End  (Messrs.  Mann,  Grossman 
&  Co.).  The  following  is  condensed  from  the  pubUshed 
account*: — 


Depth. 


Surface  Deposits  ... 
London  Clay  -  -  -  - 
Woolwich  and  Reading  Beds  - 
Thanet  Sand  -  -  -  - 
Upper  Chalk  and  Chalk  Rock 
Middle  Chalk  .... 
Lower  Chalk  -  -  .  - 
Upper  Greensand    .        -       - 


Feet, 
20| 
105 
146 
201 
460 
660 
855 
875 


1  "On  Beds  of  Sponge  Remains,"  Phil.  Trans.  Roy.  Soc.  (1885,)  i).  421. 

2  J.  Barrow, "  Proc.  S.  Wales  Inst.  Eng.,"  vol.  xi.  p.  326,  and  W.  Whitaker, 
"  Geology  of  London,"  vol.  ii.  (Mem.  Geol.  Survey,  p.  134). 


1080. 
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The  \vater  rcjsc  from  the  bottom  of  the  bore  to  within  10£  feet 
of  the  surface,  and  by  continuous  pumping  over  500,000  gallons  a 
week  were  lifted.  As  other  wells  in  Mile  End  have  found  a  plenti- 
ful supply  of  water  about  200  feet  below  the  top  of  the  Chalk,  it 
may  be  that  below  the  Albion  Brewery  there  are  fissures  in  the 
Chalk  by  mc4\ns  of  Avhich  the  Chalk  water  Ls  carried  down  to  the 
level  of  the  Upper  Groensand,  and  that  the  supply  is  not  really 
derived  from  the  latter  formation. 

Returning  to  the  surface  outcrop,  it  is  noticeable  that  in  the 
east  of  Hampshire  this  occupies  a  much  wider  tract  of  ground, 
and  consequently  takes  up  a  much  larger  <juantity  of  water. 
Some  of  tins  is  thrown  out  in  the  form  of  springs  at  or  near  the 
base  of  the  Malmstonc,  and  some  must  find  its  way  westward 
beneath  the  Chalk.  The  villages  on  the  outcrop  of  the  Malm- 
stone  find  a  good  supply  of  water  by  sinking  wells  into  that  rock, 
many  of  them  being  from  60  to  80  feet  deep.  The  water, 
however,  is  somewhat  hard. 

In  West  Sussex  the  conditions  are  similar,  but  in  proceeding 
eastward  the  thickness  of  the  Malmstono  and  sandy  beds 
becomes  less  and  less,  the  width  of  their  outcrop  becomes 
correspondingly  less,  and  in  East  Sussex  the  springs  issuing  from 
them  appear  to  be  feeble^ 

Along  the  main  Hne  of  outcrop  through  the  counties  of  Bucks, 
Oxford,  Berks,  Wilts,  and  Dorset  a  larger  amount  of  water  finds 
its  way  into  the  Malmstone  and  Greensiind,  especially  where  these 
beds  form  a  terrace  in  front  of  the  Chalk  Hills,  with  a  minor 
escarpment  of  their  own.  Many  copious  springs  issue  from  tho 
outer  slope  of  this  tract;  thus,  in  Oxfomshire  there  are  fine 
spring-heads  at  Postcombe,  Adwell,  Easington,  Cadwell,  and 
Berwick  Prior. 

In  Berkshire,  on  the  western  side  of  the  Thames  valley,  the 
Malmstone  forms  a  semicircular  ridge  of  high  ground  to  the  west 
and  north-west  of  Wallingford.  Strong  springs  are  thrown  out 
on  the  inner  side  of  this  ridge  at  Sat  well  and  Bright  well,  but  a 
considerable  amount  of  water  must  find  its  way  southwards  and 
south-eastwards  beneath  the  chalk.  In  Wallingford  itself  a 
plentiful  supply  is  obtained  from  this  source,  as,  for  instance,  at 
the  Anchor  Brewery,  where  a  boring  made  by  Messrs.  Logrand 
and  Sutcliff  traversed  the  following  beds : — 

Feet 

River  gravel  and  sand 22 

Blue  clay  [?  Chalk  Marl] 24 

Alternating  beds  of  soft  sandstone  and  greensand      -      4j 
Grey  Marl | 

51 

Another  well  (at  Mr.  Hilliard*s  brewery)  got  water  from  Ught- 
coloured  sand  at  a  depth  of  40  feet. 


» See  "  The  Water  Supply  of  Sussex,"  Mem.  Geol.  Surv.,  by  W.  Whitaker 
andC.  Reid,  1898. 
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Of  the  Wallingford  Waterworks  the  following  account  has  been 
published.^  They  are  situated  in  a  field  south-west  of  the  town 
and  adjoining  the  railway-station  on  the  west  side.  The  boring 
was  completed  in  1884,  and  the  water  rose  to  within  a  few  feet 
of  the  surface  and  was  pumped  at  the  rate  of  6,000  gallons  an 
hour  for  70  hours  without  making  any  appreciable  effect  on  the 
head  of  water.     The  beds  traversed  were  as  follows : — 

Sand  and  Gravel -        -       13 

Soft  .sandstone        -.-... 

Hard  sandstone 

Bhie  clay 

I  Alternate  l)ecl.s  of  soft  blue  stone  and  blue  clay 

UpjHjr     J  Hard  blue  stone 

Greensand  ( Sandy  clay 


A  later  note  from  Massrs.  Legrand  and  Sutcliff,  who  made 
the  boring,  states  that  the  estimated  yield  by  lowering  the  water 
25  feet  is  9,600  gallons  per  hour. 

A  boring  made  by  the  same  firm  at  the  Moulsford  Asylum 
about  2i  miles  south  of  the  above  site  confirms  the  reading  of 
the  beds  traversed.  This  was  carried  to  a  greater  depth,  and  the 
particulars  furnished  are  as  follows : — 

Ft.  In. 

River  gravel 13  0 

Grey  rock  chalk 33  0 

Greensand <)  (j 

Hard  grey  sfuulstone 0  8 

Ditto,  with  layers  of  clay 18  10 


13 

0 

3 

0 

6 

() 

2 

0 

'21 

r> 

4 

1 

11 

55 

3 

81     0 


The  yield  from  this  boring  was  15,000  gallons  an  hour.  From 
these  facts  one  may  infer  that  the  Upper  Greensand  should 
furnish  a  good  supply  of  water  for  some  distance  further  south,  if 
it  ¥«)re  ever  found  necessary  to  seek  it. 

Passing  westward  through  Berkshire,  there  arc  siirings  from 
the  base  of  the  Malinstonc  at  Did(jot,  Harwell  and  near 
Stevcnton,  but  thence  as  far  as  Wantage  the  springs  at  this 
horizon  are  weak  and  the  surface  water-supply  comes  mainly 
from  the  Lower  Chalk.  At  the  siime  time  the  Malmstone  forms 
a  well-marked  terrace  in  front  of  the  chalk  escarpment,  and 
places  situate  upon  it  tind  a  fair  supply  of  water  by  sinking 
wells.  Thus,  the  Wantiige  Brewery  Company  obUiin  their  supply 
from  the  sandy  marls  at  the  base  of  the  Malmstone.  The 
boring  nuule  here  in  1884  traversed  the  Gault  and  Kime- 
ridge  clay  and  obtained  water  from  the  Corallian  beds,  l)iit 
the  water  so  obtiiined  did  not  prove  sjitisfiU'tory  for  brewing 
purposes.  I  am  indebted  to  Mr.  (i.  Martin,  the  manager  of  the 
eomptiiiy,  for  the  information  that  in  August,  1898,  they 
sank  a  new  shaft   to   a  depth   of  82    feet,  and  from  it  drove 


1  **  Engineer,"  vol.  Ixi.  pp.  120,  121.     (1686.) 
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two  tunnels  through  the  sandy  marl,  going  80  feet  in  one 
direction  and  20  feet  in  an  opposite  one ;  they  met  with  several 
good  springs,  and  by  this  moiins  obtained  a  sufiicicnt  supply  of 
suitable  water  without  going  to  a  greater  depth. 

Further  west,  though  the  outcrop  of  the  Mahnstone  becomes 
narrower,  many  line  springs  issue  from  it  in  the  western  part  of 
Berkshire  aiKi  the  northern  part  of  Wiltshire.  Possibly  this 
copious  supply  is  due  to  the  fact  that  in  this  district  the  Ijower 
Chalk  contains  so  little  argillaceous  matter  that  much  of  the 
chalk  water  tinds  its  way  down  to  the  Malnistone.  In  Berkshire 
the  most  notable  spring-heads  are  at  Smrsholt,  Kingston  Lisle, 
Bridgecombe,  Woolstone,  Ashbury  and  Bishopstone.  In  North 
Wilts  springs  from  this  source  occur  at  W^roughton  (supplying 
Swindon  Water- works),  ClitFe-Pypard  (supplying  Wootton  Basset), 
and  at  Highway. 

De\nzes  was  formerly  supplied  with  water  from  open  welLs 
simk  through  the  sand  and  sandstone  on  which  the  town  stands, 
but  as  the  old  system  of  drainage  was  by  cess-pits,  and  as  the 
sandstone  is  traversed  by  many  joints  and  fissures,  the  condition 
of  the  water-supply  natunUlv  became  very  bad,  especially  in  the 
older  parts  of  the  town.  1  he  present  waterworks,  obtaining  a 
supply  from  the  Chalk  at  some  distance  to  the  north-east  of  the 
town,  were  established  about  20  years  ago. 

It  is  worthy  of  remark  that  the  water  now  supplied  to  Devizes 
from  the  Chalk  is  not  so  hard  as  the  water  formerly  obtained 
from  the  Greensand.  This  is  probably  to  be  explained  by  the 
difference  of  the  surface  soils;  that  near  Devizes  is  a  deep 
vegetable  earth,  often  black  and  j>eaty.  and  highly  cultivated,  so 
that  the  water  passing  throu^^h  it  tjikes  up  nuich  carbonic  acid, 
while  the  soil  on  the  Chalk  is  thin  and  only  supports  a  short 
herWe.  The  amount  of  lime  which  water  can  hold  in  solution 
as  carlx>nat(j  depends  on  the  amount  of  carbonic  acid  which  it 
takes  lip  on  its  way  through  the  air  and  soil,  and  a  water 
containing  uuich  carbonic  acid  would  dissolve  out  more  lime 
from  the  calcareous  beds  in  the  Greensand  than  the  less 
carbonated  water  entering  the  Chalk  could  extract  from  that 
formation. 

South  and  south-east  of  Devizes  strong  springs  issue  from  the 
middle  of  the  Greens*md  at  Drew's  Fond,  Potteme  and 
Urchfont,  and  also  from  the  higher  sands  at  Nurstead  and  Stert. 
Eastward  again  beneath  the  Vale  of  Pewsey  the  Greensand 
occupies  a  wide  surface-area  and  is  saturated  with  water ;  the 
numerous  springs  issuing  from  it,  as  well  as  from  the  Lower 
Chalk,  form  the  head-waters  of  the  River  Avon ;  while  the 
villages  on  the  Greensand  are  supplied  by  shallow  wells  sunk 
into  the  simd. 

The  Vale  of  Warnn'nster  is  another  tract  where  the  Sellwrnian 
Sands  occupy  a  considerable  surfi.ce-area,  and  where  as  a 
consequciK^o  thev  hold  a  large  quantity  of  water.  The  ridge  of 
Grecnsiuid  which  forms  the  western  border  of  this  tract  is  part  of 
the  wat(Tshc<l  separating  the  head- waters  of  the  Wily  from  the 
streams  which  run  into  the  Hiver  Froine.     On  the  western  side 
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ot  this  ridge  there  are  nimierous  springs  issuing  from  the 
Malmstone  and  forming  feeders  of  the  Frome.  On  its  eastern 
slope  towards  Crockcrton  and  Warminster  are  springs  which 
contribute  largely  to  the  head-waters  of  the  Wily. 

In  Warminster  town  a  plentiful  supply  of  water  is  found  by 
sinking  through  sand  and  one  bed  of  calcareous  sandstone, 
water  coming  m  from  below  the  latter  at  depths  of  from  25  to  30 
feet.  At  Heytesbury  also,  which  stands  on  the  Chalk  Marl,  the 
wells  traverse  this  marl  and  find  water  in  the  sarid  below. 

From  the  southern  border  of  the  Vale  of  Warminster  the 
outcrop  of  the  Greensand  is  continual  as  a  high  plateau  or 
terrace  by  Maiden  Bradley  and  Stourton,  terminating  on  the 
west  in  a  very  steep  slope ;  and  on  this  slope  strong  springs  are 
thrown  out  at  frequent  intervals  along  its  line  of  passage  into 
the  Gault  clays.  On  the  plateau  good  water  is  obtained  from 
wells  sunk  through  the  sands  to  a  depth  varying  from  60  to 
120  feet. 

The  southern  end  of  this  plateau,  near  Stourton,  is  trenched 
by  several  deep  valleys  formed  by  the  head-waters  of  the  River 
Stour,  each  valley  having  a  strong  spring  at  its  upper  end,  the 
most  copious  being  known  as  Stourhead. 

In  the  Vale  of  Wardour  the  influence  of  tectonic  position  on 
water-bearing  beds  is  well  exemplified,  both  the  total  amount  of 
water  taken  up,  and  the  amount  which  issues  in  springs,  depend- 
ing very  greatly  on  the  amoimt  of  inclination  of  the  beds. 

A  reference  to  the  section  across  this  valley  given  on  p.  229, 
and  to  the  account  in  Chapter  XVI.,  will  remmd  the  reader  that 
on  the  northern  side  of  the  anticline  the  beds  dip  steeply  to  the 
north,  while  on  the  southern  side  the  dip  is  very  slight,  and  the 
beds  seem  in  places  to  be  nearly  horizontal. 

On  the  northern  side  the  outcrop  of  the  Greensand  forms  a 
narrow  ridge,  and  very  little  water  is  thrown  out  at  its  base, 
whereas  copious  springs  issue  from  the  Chalk  behind  this  ridge, 
which  is  trencheci  by  the  watercourses  proceeding  therefrom. 
The  features  of  the  southern  side  of  the  Vale  are  very  different ; 
no  springs  issue  from  the  Chalk  above  the  Greensand ;  the  out- 
crop of  tne  latter  forms  a  continuous  plateau  or  terrace,  indented 
only  bv  valleys  formed  by  the  issue  of  strong  springs  from  the 
lower  beds  of  the  Greensand.  The  villages  on  this  terrace  are 
of  course  supplied  by  wells  dug  through  the  sand. 

The  country  roimd  Shaftesbury  presents  a  continuation  of  the 
conditions  prevailing  along  the  south  side  of  the  Vale  of 
Wardour.  Shaftesbury  itself  is  supplied  with  water  from  the 
Upper  Greensand  formation  on  which  it  stands;  the  waterworks 
are  to  the  east  of  the  town,  and  Mr.  W.  Hifl  was  informed  in 
1897  that  the  well  th(irc  was  140  feet  deep,  the  water  coming  in 
from  sandstone  (?  malmstone)  near  tiie  bottom. 

In  Dorset,  as  one  proceeds  southwards  from  Shaftesbury,  the 
outcrop  of  the  Greensand  sinks  in  that  direction  from  a  height 
of  ()00  feet  to  one  of  little^  over  2(K)  tec^r,  au«i  iis  a  (^onstniuonce 
the  springs  rise  from  highrr  and  higher  horizons.  Near  Melbury 
and  Compton  Basset  the  water  issues  in  stronir  springs  from  the 
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base  of  the  iiialmstone ;  south  of  Compton  it  rises  high  up  in  the 
sauds,  and  again  in  Iweme  Minster  Park  there  are  springs  rising 
in  the  midst  of  the  sands,  the  water  from  some  flowing  south- 
ward to  form  the  Iwerno  brook,  iind  from  others  north-westward  to 
join  the  Fontmell  brook,  but  very  little  issues  from  the  base  of 
the  sands  in  that  neighbourhood. 

From  the  valley  of  the  Stour,  however,  the  Cretaceous  escarp- 
ment trends  westward,  and  onc(i  more  strong  springs  are  thrown 
out  from  the  Upper  Greensand  Ly  Okeford  Fitzpaino,  Belchalwell, 
Ibberton  and  Woolland,  and  thence  also  at  frequent  intervals  all 
along  the  boundary  of  this  subdivision  throughout  northern  and 
western  Dorsetshire.  Moreover  cerUiin  streams  which  flow 
southAvard  through  the  Chalk  hills  take  their  rise  in  springs 
which  issue  froui  the  Greensand  close  to  the  ridge  of  the  mam 
escarpment.  The  Dewlish  water  indeed  rises  on  the  outer  or 
northeiTi  side  of  this  escarpment,  being  fed  from  springs  at 
Meleombe  and  Anstey.  The  Cenie  derives  its  most  northerly 
atfiuent  froiu  springs  at  Minteme,  and  the  Dorset  Frome  has 
three  main  branches  all  of  which  receive  most  of  their  water 
from  the  Greensand;  one  of  these  rises  at  Evershot,  the  second 
near  Rampisham,  and  the  third  collects  the  waters  of  many 
springs  near  Hooke,  west  of  Maiden  Newton. 

Springs  issuing  from  the  Upper  Greensand  at  Litton  Cheney 
furnish  the  water-supply  for  the  town  of  Bridport. 

The  south-eastern  part  of  Devonshire,  with  the  adjacent 
portions  of  Dorset  and  Somerset,  from  Chard  and  Axminster  to 
the  valley  of  the  Otter,  and  from  the  Blackdown  Hills  on  the 
north  to  the  sea-coast  on  the  south,  is  a  land  of  sprmgs  and 
streams,  almost  all  of  them  deriving  their  water  from  the 
Upper  Greensand.  This  region  was  once  a  plateau,  but  is  now  cut 
up  into  a  varied  succession  of  narrow  ridges  capped  by  a  dry 
and  flinty  soil,  divided  from  each  other  oy  deep  vales  from 
whicih  the  freshness  of  running  w^ater  is  never  absent.  The 
major  valleys  branch  into  minor  valleys,  and  these  into  little 
combes,  each  of  which  has  its  spring  or  springs,  and  few  of  them 
ever  run  dry.  Much  larger  towns  than  Axminster  or  Honiton 
mij^ht  be  supplied  with  the  excellent  water  furnished  by  these 
springs,  and  nuich  more  use  might  be  made  of  the  water-power 
w^hicb  the  streams  aftbnl  in  their  rapid  transit  from  their 
sources  to  the  sea. 


APPENDIX— PALAEONTOLOGY. 

A— CRITICAL  REMARKS  ON  SOME  SPECIES  OF 

FOSSILS. 

By  E.  T.  Newton,  F.R.S.,  and  A.  J.  Jukes-Browne. 

The  fossils  of  the  Upper  Cretaceous  Series  have  not  been  studied 
80  thoroughly  as  those  of  most  other  British  formations,  and  in 
many  respects  our  knowledge  of  Cretaceous  fossils  is  behind  that 
of  trench  and  German  palaeontologists.  Monographs  dealing 
with  certain  groups  have  mdeed  been  published :  namely,  on  the 
Sponges  by  Dr.  Hinde,  on  the  Corals  by  Duncan,  on  the  Echino- 
derms  by  Wright  and  on  the  Brachiopods  by  Davidson;  but 
on  the  large  and  important  classes  of  the  Lameilibranchiata  and 
the  Gastropoda  no  complete  monographs  have  yet  appeared.  It 
is  true  that  a  few  genera  and  families  belonging  to  these  classes 
have  been  separately  studied,  such  as  Triaoma  by  Lycett,  Numda 
and  Leda  by  J.  S.  Gardner,  who  has  also  dealt  with  tne  Cretaceous 
species  of  the  Aporrhaidce,  DentalidcBy  Patellidct,  and  Fissu- 
reUidcB,  The  useful  work  thus  done  serves  to  make  it  still  more 
apparent  how  very  much  remains  to  be  done  on  the  fossils 
belonging  to  these  classes. 

The  Cretaceous  Cephalopoda  were  partly  described  and  figured 
by  Sharpe  in  1849,  but  nis  work  requires  revision,  and  the 
Cephalopods  of  the  Gault  and  Greensand  have  never  yet  been 
monographed  in  English.  It  is  true  that  a  catalogue  of  the 
Fossil  Cephalopoda  in  the  British  Museum  is  in  course  of  publi- 
cation, and  that  a  monograph  on  the  Cretaceous  Lamellibranchs 
has  been  undertaken  by  Mr.  H.  Woods  for  the  Paljeontographical 
Society,  but  these  have  not  yet  proceeded  far  enough  to  help  us 
much. 

There  are  among  Cretaceous  fossils  a  large  number  which  have 
not  yet  been  figured  in  any  English  work  and  for  the  determina- 
tion of  which  one  must  consult  the  works  of  French  and  German 
palaeontologists.  There  are  also  many  questions  of  synonomy 
which  can  only  be  properly  settled  by  comparisons  with  British 
and  foreign  types. 

During  the  preparation  of  the  lists  of  fossils  for  this  work,  and 
of  the  general  catalogue  which  follows,  these  questions  have  been 
discussed  between  ilessrs.  Shamian  and  Newton  and  mvsclf,  in 
order  that  we  might  decide  under  what  name  certain  species 
should  be  enterei  This  being  so,  it  has  seeme<l  to  us  desirable 
to  insert  notes  on  the  identification  and  synonomy  of  some  of 
these  species,  so  that  other  workers  may  know  exactly  what 
forms  are  indicated  by  the  names  i^sed  in  this  volume. 
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Ammonites  [Acanthoceras]  brottianus,  dVrb., 
var.  sexanoulatus,  Seeley. 

1841.    Am.  brottianius,  (TOrh.   Pal.  Fr.  Terr.  Cret.,  torn.  1,  p.  290,  pi. 

85,  iigs.  8-10. 

1847.    Am.  brottianus,  PicUt.  Grbs  Verts  do  Qenfeve.  Cephalopodes, 
p.  85,  pi.  7,  figs  9-11  (var.  11). 

1865.    Am.  sexangulatus,  Seeley,   Ann.  Mag.  Nat.  Hist.,  ser.  8,  vol. 
xvi.  p.  233,  pi.  xi.  fig.  1. 

This  species  is  only  at  present  known  in  England  as  a  rare 
fossil  in  the  Cambridge  Greensand.  Mr.  Seeley  correctly  distin- 
guishes his  A.  sejranyidatiis  from  A.  itierianus,  but  merely  adds, 
"  A,  hi'ottianus  is  nearly  related."  The  points  in  which  it  differs 
from  the  type  of  A.  brottianus  arc  (1)  the  curvature  of  the  ribs,  (2) 
the  compression  of  the  shell  and  consequent  flatness  of  the  sides, 
(3)  the  smaller  umbilicus.  But  Mons.  Pictet  remarks,  "when 
this  ammonite  is  young  it  often  happens  that  the  ribs  are  less 
straight  and  that  they  form  a  slight  double  curvature,  being  bent 
forward  toward  the  umbilicus  and  recurved  toward  the  back. 
This  form  shows  itself  especially  in  some  compressed  individuals 
which  occur  both  at  the  Perte  du  Rhone  and  at  Saxonet,  and 
which  appear  to  form  a  constant  variety  (depending  perhaps  on 
sex?),  but  which  has,  however,  too  much  resemblance  to  the 
others  to  be  regarded  as  a  distinct  species." 

A  compressed  A.  brottianus  with  slightly  curved  ribs  must 
approach  very  closely  to  the  sexcingulatua  of  Seeley,  and  much 
variation  in  the  size  of  the  umbilicus  by  a  greater  or  less  envelop- 
ing of  the  whorls  is  seen  in  other  species,  such  as  A.  Mantelli, 
A.  seocanyiilatus  is  probably  related  to  A.  brottianus,  much  as 
A.  Mantelli  to  A.  naviculuris  and  A.  varians  to  A,  Coupei, 


Ammonites  [Desmoceras]  Beudanti,  Brong. 

1822.  Am.  Beudanti,  Brong,,  Env.  de  Paris,  Cuvier,  Odsem.  Foss., 
Vol.  ii.,  part  2,  pi.  7,  fig.  2. 

1829.  Am.  Isevipatus,  Sotv.^  Min.  Con.  pi.  r49. 
Am.  Beudanti,  cPOrb.,  Pal.  Fr.  Terr.  Cret. 

The  present  resting-place  of  the  specimen  from  Crockerton, 
Wilts,  figured  by  Soweroy  (loc,  cit)  as  A .  loevigatus  is  not  known ; 
but  one  or  two  examples  of  the  same  species,  mentioned  by 
Sowerby  as  from  Chenton,  near  Folkestone,  are  in  the  Sowerby 
collection  at  the  British  Museum.  Having  examined  them,  we 
are  convinced  that  the  A.  Itevigatus  of  Sowerby  (above  referred 
to)  is  the  same  species  as  the  form  from  the  Gault,  which  for 
yeiira  has  been  Known  as  A.  Beudanti]  and  further,  there 
seems  to  be  no  reasonable  doubt  that  these  Gault  Arnnumites 
are  the  A.  Beudanti  of  Broiigniart  and  of  d'Orbigny.  Tlie  name 
A.  Beudanti  will  therefore  continue  to  be  used  for  this  Gault 
Ammonite,  whieh,  it  seems,  occurs  both  in  the  middle  and  lower 
parts  of  the  ({ault,  but  has  not  been  found  in  the  A.  inammil- 
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latus  beds  at  the  base  of  the  Gault,  this  bed  yielding  another 
form,  to  be  mentioned  below. 

Most  of  the  specimens  available  for  examination  have  the 
simple  and  distinct  lobe  line  shown  by  the  figures  of  d'Orbigny 
and  Sowerby;  but  in  some  specimens,  especially  (but  not  ex- 
clusively) the  larger  ones,  the  processes  become  more  developed 
and  consequently  interdigitate  to  such  an  extent  as  to  make 
them  difficult  to  trace.  At  present  there  is  not  sufficient 
evidence  to  prove  that  this  form  with  the  complex  lobe  line 
is  a  distinct  species. 

An  Ammonite  which  cannot  be  separated  from  the  true  A. 
Beudanti  occurs  in  the  Upper  Greensand  of  Blackdown,  and  is 
represented  by  a  specimen  in  the  Museum  of  Practical  Geology ; 
but  as  the  lobe  line  is  not  shown  in  this  specimen  the  species  is 
uncertain. 

In  the  A.  mammiUatus  bed  at  Folkestone,  which  has  some- 
times been  thought  to  be  the  uppermost  bed  of  the  Lower  Green- 
sand,  an  Ammonite  is  commonly  met  with  which  has  been 
called  A.  Beudanti;  it  has  much  the  same  form  as  that 
species,  but,  besides  having  a  complex  lobe  line,  even  in  the 
smaller  specimens,  always  shows  a  series  of  ligations,  and  for  this 
reason  has  been  thought  by  some  to  be  most  closely  related  to 
A.pUinuiatua ;  but  the  last-named  species  has  ah  open  umbilicus 
with  narrower  and  more  inflated  whorls. 

Pictet  and  Campiche  (Terr.  Cret.,  St.  Croix,  1858-60,  p.  277) 
include  certain  ligated  lorms  in  A.  Bevdanti;  but  seeing  that 
in  our  experience  the  ligated  form  with  complex  lobe  line  is  not 
met  with  in  the  Gault  itself,  we  think  it  will  be  wise  to  keep 
this  form  distinct,  at  least  for  the  present,  and  it  may  be  called 
the  variety  ligattis, 

Afn.  Beudanti  var.  ligatua  has  long  been  known  to  occur 
in  the  A.  vuiinmilUvtua  beds  at  Folkestone,  and  Mr.  G.  W. 
Lamplugh  has  recently  collected  characteristic  examples  from 
the  same  horizon  at  this  and  other  localities.  Mr.  Clement  Reid 
also  found  this  variety  several  years  ago,  at  West  Dereham  in 
Norfolk,  in  beds  apparently  occupying  a  similar  horizon  between 
the  Upper  and  Lower  Cretaceous  strata.  A  fragment  of  this 
same  heated  Ammonite  was  obtained  by  Mr.  W.  Whitaker  from 
a  well-boring,  near  Ashford,  Kent,  accompanied  by  a  piece  of 
Am,  TnamviiUatua, 

Ammonites  hicurvatus  d'Orb.  has  a  very  similar  fonn  to  A, 
Beudanti,  but  its  lobe  line  is  different,  and  this  has  caused  it  to 
be  placed  with  PUicenticeras  and  not  with  Denmocevas.  The 
species  has  not  been  recognised  in  Britain. 


Ammonites  [Hoplites]  auritus,  t>on?., 

VAR.   CATILLUS,  8<nv. 

Antmcrnite^  catlllufi,  Sow.,  is  a  species  about  which  much 
doubt  has  existed.  It  has  never  l>oeii  examined  or  disenssed  by 
any  English  writer  since  Sowerby 's  time,  and  the  form  figured 
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by  d'Orbigny  under  the  name  of  A.  catillios  differs  so  nuich  from 
tliat  of  Sowerby  that  it  can  hardly  be  the  same  species. 

The  following  is  Sowerby 's  description:  "A  very  flat  species 
with  only  three  or  four  whorls ;  the  surface  of  it  is  even,  except 
a  row  of  short  tubercles  on  each  side  the  margin,  which  degenerate 
into  obscure  waves  upon  the  outer  whorl.  It  might  possibly  be 
taken  for  a  compressed  specimen  of  A.  variam^,  but  it  wants 

both  the  carina  and  radii It  is  above  six  inches 

wide,  and  only  nine-tenths  of  an  inch  thick."  The  figure  given 
by  Sowerby  (Min.  Con.  tab.  564,  fig.  2)  is  not  good,  but  shows  a 
set  of  obscure  tubercles  round  the  umbilical  margin  of  the 
whorls,  while  the  back  is  smooth  and  rounded.  The  specimen 
was  obtained  from  the  malm-rock  in  a  quarry  at  Nursted,  near 
Petcrstield. 

The  figure  given  by  d'Orbigny  (Pal.  Franc.  PI.  97,  f.  1-2)  shows 
an  Anunonite  of  about  the  same  size  with  obscure  ribs  which 
end  in  broad  flat  projections  which  can  hardly  be  called  tubercles. 
These  projections  form  a  regular  row  along  each  side  of  the 
back,  leavmg  a  flattisfi  depressed  area  between  them.  It  thus 
difters  materially  from  Sowerby's  type. 

In  1881  ^  Mr.  C.  Parkinson  briefly  described  an  Ammonite 
which  is  not  unconmion  in  the  lower  part  of  the  Upper  Green- 
sand.  He  says,  "  It  is  invariably  of  the  same  size,  from  2J  to 
8  inches  in  diameter,  and  remarkably  thin  for  its  size,  not  having 
the  prominent  tubercles  of  ^.  aaritus  or  the  sharply  definea 
chambers  of  A.  rostnifun.  At  the  back  the  markings  are 
alternate,  more  resembling  the  Gault  st)ecies  A.  inferriiptus" 
He  adds  that  neither  Mr.  Etheridge  nor  Dr.  Wright,  to  whom  he 
had  shown  specimens,  could  identify  them  with  any  species 
known  to  them.  In  Mr.  M.  Nonnan's  "Geolo^cal  Guide  to  the 
Isle  of  Wight"  (1887),  opp.  p.  76,  there  is  a  fairly  good  figure  of 
an  Ammonite  (unnamed)  which  agrees  with  the  above  description 
and  is  probal)ly  meant  to  represent  the  form  described  by  Mr. 
Parkinson,  but  no  special  mention  was  made  of  it.  It  has  the 
aspect  of  a  flat  and  onscurely  marked  A.  aaritus,  and  is  not  unlike 
the  figure  and  description  of  A.  catlllus,  except  that  it  has  low 
dorsal  tubercles. 

In  1898  Dr.  W.  Curtis,  of  Altim,  Hant^,  was  kind  enough  to 
send  us  most  of  the  fossils  obtained  by  his  father  from  the 
Malmstone  of  Hampshire,  and  among  them  were  two  Ammonites 
with  flat  sides  and  rounded  backs,  but  with  umbilical  tubercles  and 
faint  ribs  like  those  of  A.  auritus.  They  so  nearly  resemble  the 
A.  catillu^'i  of  Sowerby  that  we  had  no  hesitation  in  regarding 
them  as  referable  to  that  species,  especially  as  they  come  from 
the  same  formation  as  the  type  specimen;  but  at  the  same  time 
it  appeared  to  us  that  they  were  only  an  extreme  form  of  A. 
auritus. 

The  next  step  was  evidently  to  examine  Sowerby's  type  speci- 
men in  the  British  Museum.  The  figured  type  of  J.  C. 
Sowerby  (from   Nursted)   is  a  very   indefinite    specimen,  but 


*  Quart.  Jour.  Greol.  Soc.,  vol.  xxxvii,  p.  371. 
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it  and  others  have  tubercles  round  the  umbilicus  and  indefinite 
swellings  along  the  back ;  these  forms  do  not  show  any  trace  of  the 
two  rite  ninnmg  into  a  tubercle  on  the  back  as  in  ^.  aitritus. 
A  specimen  from  Hampshire  (in  the  Alton  Museum),  however, 
does  show  traces  of  two  such  ribs. 

There  are  many  specimens  of  Ammonites  auritus  from  the 
Malmstone  and  Upper  Grcensiind  which  show  variations  approach- 
ing to  Am.  catiUus.  Some  are  strongly  and  others  finely  marked, 
but  in  both  varieties  the  last  whorl  often  becomes  nearly  smooth 
on  the  sides  The  coarser  variety  generallv  shows  tubercles 
along  the  back,  but  the  more  finely  marked  lose  their  dorsal 
tubercles  and  are  evenly  rounded  over  the  back." 

The  relations  of  all  these  forms  are  such  that  we  prefer 
to  regard  A.  cat  ill  lu^  as  a  variety  of  A.  axLviius,  and  in  this 
opinion  Mr.  G.  C.  Crick  agrees." 

The  variety  catilliLs  is  found  in  the  Malmstone  of  Oxford- 
shire and  of  feuckinghamshire,  and  we  think  there  can  be  little 
doubt  that  it  also  occurs  in  the  Isle  of  Wight.  The  flatness 
exhibited  by  so  many  specimens  is  evidently  in  most  cases  due 
to  compression  after  embedment,  and  is  not  an  original  character. 


Ammonites  [Hoplites]  dispak,  d'Orh, 

1840-41.    Am.  dispar,  (TOrb.,  Pal.  Fr.  Terr.  Cret.,  vol.  i.  p.  142. 

1858-60.    Am.  di8i)ar,  Pict.  d;  Camp.y  Terr.  St.  Croix.,  part.  i.  p.  204. 

1865.        ]  Am.  navicularis  var.  nothiis,  Seeley,    Annals  and  Mag. 
Nat.  Hist.,  vol.  xvi.  p.  232. 

A  number  of  specimens,  which  are  referred  to  the  above 
species,  have  been  collected  by  Mr.  Rhodes  for  the  Geological 
Survey,  from  the  uppermost  bed  of  the  Upper  Grecnsand  of 
North  Dorset ;  and  otner  examples  of  the  same  form  and  from 
the  same  horizon  are  in  the  Dorchester  Museum. 

These  specimens  agree  so  closely  with  the  descriptions  and 
figures  given  by  Pictet  and  Campiche  (especially  pi.  38,  figs. 
1.  2,  5,)  tliat  there  is  no  doubt  as  to  their  belonging  to  one  and 
the  same  species.  There  is  the  same  small  umbilicus,  nearly 
straight  ribs,  passing  regularly  over  the  rounded  back,  the  same 
absence  of  ribs  from  the  outer  whorls  of  the  adult,  presence  of 
small  tubercles  on  each  side  of  the  back  in  the  young  stages,  and 
less  distinctness  of  the  ribs  across  the  back  between  the  pairs  of 
tubercles ; — in  all  these  characters  there  is  the  closest  agreement. 

The  original  figures  given  by  d'Orbigny  appear  at  first  sight 
so  unlike  those  oi  Pictet  and  Campiche  as  to  raise  a  doubt  as 
to  their  being  the  same  species.  The  suture  line  is  especially 
unlike;  but  d'Orbigny  states  that  he  is  uncertain  in  this  par- 
ticular. Again,  his  reference  of  this  form  to  the  Neocomian 
raises  another  doubt,  but  this  seems  to  have  been  an  error, 
which  he  rectified  in  the  "  Prodrome,"  vol.  ii.  p.  146,  where  this 
species,  put  as  synomyn  of  A,  catiUus^  is  included  in  the  list  of 
Cenomanian  species. 
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Messrs.  Pictet  and  Campiche,  however,  state  that  they  ex- 
amined d'Orbigny's  original  specimen,  and  express  themselves  as 
quite  satisfied  as  to  the  specihe  identity  of  their  fossils  with  the 
typo  of  Am.  dispar.  The  species  is  undoubtedly  a  variable  one, 
as  shown  by  the  figures  of  trie  Saint  Croix  specmiens.  The  de- 
pressions or  gi'ooves  upon  the  sides  of  the  type,  which  seem  so 
aistinctivo,  have  their  counterpart  in  one  at  letist  of  the  St. 
Croix  examples,  and  may  be  seen  in  one  of  the  Dorset  specimens. 

The  two  forms  from  the  Cambridge  Grcensand  named  by 
Professor  Seeley  Am.  navicularis  var.  nvtus  and  -4m.  rhamno- 
vMu8  are  imdoubtedly  closely  allied  forms;  for  their  suture 
lines  seem  to  be  identical  with  those  of  the  species  above  noted, 
and  the  variety  Am.  navicidaris  notus  wilt  almost  certainly 
have  to  become  a  synon3rm  of  Am,,  dispar. 

Am.  rluiminonotas  has  a  row  of  tubercles  along  the  middle  of 
the  back  and  the  ribs  are  bent  a  little  forward,  characters  which 
are  not  seen  in  any  example  of  A.  dispar.  The  close  re- 
semblance in  other  particulars,  even  to  the  small  tubercles  on 
each  side  of  the  back,  between  this  Ammonite  and  the  Dorset 
specimens  led  one  of  us  to  refer  the  latter  to  A.  rliamnonotns  in 
1893,  (Proc.  Dorset  Nat.  Hist,  and  Antiquarian  Field  Club,  vol. 
xvii.,  p.  104),  but  the  examination  more  recently  of  the  inner 
whorls  of  young  Dorset  specimens  has  shown  that  there  are  no 
median  tubercles,  and  by  the  kindness  of  Prof.  T.  McK.  Hughes 
comparison  has  been  made  with  Prof.  Seeley 's  types  in  the 
Woodwardian  Museum,  Cambridge. 

The  doubt  respecting  the  identity  of  the  forms  which  had  been 
called  Am.,  diapar  having  also  been  cleared  up,  we  think  that 
the  Dorset  species  must  be  referred  to  the  Atu.  dispar  of  Pictet 
and  Campicne,  and  we  accept  the  dictum  of  those  gentlemen 
that  their  specimens  belong  to  d'Orbigny's  species,  they  having 
compared  tne  types. 


ACTiEON  AFFINIS,  SoWy  AND  ITS  CoNGENERS. 

1826.      AcUeon  affinis,  Saw.,  in  Fitton,  Trans.  Geol.  Soc.,  ser.  ii, 
vol.  iv. 

1834.      Ringinella  lacryma,  d!Orh.y  Mich.  Mag.de  Zoologio,  cl.  6,  pi. 
33,  and  Pal.  Franc.  III.  pi.  167,  figs.  12,  21-23. 

1842-3.  Actajon  Vibraycanaj^c^* C^rft,  Pal.  Fr.  III.  pi.  167,  figs.  16-18. 
Actaion  ( ?  now  species,  Blackdown). 

In  1897  Mr.  C.  J.  A.  Meyer  called  our  attention  to  the  fetct 
that  the  shells  from  Blactdown,  which  have  hitherto  passed 
under  the  name  of  Actceon  afiinis,  included  two  diflferent  forms 
or  varieties,  of  which  he  was  kind  enough  to  send  us  specimens. 
On  examining  these,  none  of  them  agreed  well  with  Sowerby's 
figure  of  A,  ajffivis.  One  form  had  the  general  shape  of 
ajjinis,  but  was  rather  more  inflated,  with  a  snarp  outer  lip  and 
three  distinct  teeth  or  spiral  plates  on  the  columella.  This  comes 
nearer  to  ActKjeoni    vibrayeana  than  to  any  other  species,  but 
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tilav'  be  a  n^w  form.  The  other  specimens  are  more  elongate, 
ana  closely  resemble  the  RinglnelLa  uwrymu  of  d'Orbigny,  having 
three  plaits,  two  large  and  thick  and  one  smaller. 

Most  of  the  specimens  in  the  Museum  of  Practical  Geology 
agree  in  shape  with  Sowerby's  figure  of  A.  affinis.  The  teeth 
are  three  in  number,  but  one  is  small,  and  they  are  placed  close 
together  near  the  spout.  Sowerby  describes  affinis  as  having 
'  two  teeth,  one  double.' 

There  are  also  two  elongate  specimens  with  teeth  like  A, 
affinis.  The  markings  on  these  vary  from  simple  punctuations 
to  elongate  pits.  They  resemble  tne  Ringinella  lac7^ma  of 
d'Orbigny,  but  we  do  not  think  that  this  form  belongs  to  a 
different  genus.     It  might  be  called  Actoion  affnis,  var.  lacryma. 

There  are  also  two  specimens  in  the  Museum  like  Mr.  Meyer's 
inflated  form,  with  three  large  separate  teeth ;  these  appear  to 
be  another  variety,  or  perhaps  a  new  species.  Whetner  this 
form  is  really^.  vibi\tyeana  or  not  can  only  be  determined  by 
a  comparison  with  French  specimens. 

It  may  be  mentioned  that  d'Orbigny  does  not  seem  to  have 
seen  any  specimens  of  the  typical  A.  affinis  from  Blackdown, 
the  form  which  he  figures  under  that  name  (PI.  167,  figs.  4-6) 
being  a  Neocomian  species,  which  he  subsequently  renamed  A, 
maridlensis,  (see  the  Prodrome,  Tom  11.  p.  67). 


Natica  Gesti,  Sow. 

1816.    Helix  Gentii,  Sow,    Min.  Con.,  p.  101,  pl.  145. 

1822.    Ampullaria  canaliculata,  Ma/ni,    Geol.  Sussex,  p.  87,  pl.  19, 
fig.  13. 

1836.    Natica  canaliculata,  J,  Sow,    Trans.  Geol,  See,  Ser,  2,  voL  iv. 
p.  336,  pl.  11,  fig.  12. 

1842.    Natica  gaultina,  (TOrb,      Pal.  Fr.  Terr.  Cret,  t.  2,  p.  156, 
pl.  173,  figs.  3,  4. 

1847.    Natica  Geinitzi,  (TOrb,    Prodrome  20th  Etage,  p.  150,  No.  97. 

.  Specimens  from  the  micaceous  sandstone  or  gaize  of  Devizes 
were  named  Helix  Gentii  by  Sowerby  in  1816,  and  we  cannot 
see  any  specific  differences  between  the  Devizes  form  and  those 
from  the  Gault  which  have  been  called  JV.  canaliculata  and 
N.  gaxdtinn, 

Messrs.  Pictet  and  Roux  gave  exactly  the  same  synonomy  in 
their  "  Moll,  des  Grfes  Verts,"  p.  184,  but  they  were  apparently 
uncertain  about  the  identity  of  Helix  Gentii,  and  they  passed 
over  Mantell's  name  of  canaliculaUi  without  remark,  retaining 
d'Orbign^'s  name  gaultina. 

D'Orbigny  refers  to  N.  canaliculata,  Geinitz,  non  Mant.,  in  his 
"Prodrome  20th  Etage,"  p.  150,  No.  97,  and  regardmg  it  as 
dififerent  from  Mantell's  fossil,  he  proposes  a  new  name,  N,  Geinitzi 
for  the  N.  canaliculata  of  Geinitz.  Messrs.  Briart  and  Comet,  in 
their  "Meule  de  Bracquegnies,"  p.  26,  make  the  mistake  of 


448  CRETACEOtJS  ttOCKS  OF  BttlTAtK. 

thinking  it  was  Sowerby's  shell  which  d'Orbigny  renamed,  hence 
they  describe  it  under  the  name  of  N.  Geinihii,  but  say  nothing 
about  N,  gaultina. 


Natica  rotundata,  Sow. 

1823.    Turl)o  rotundatiLs,  ♦/.  Sow.    Min.  Con.,  pi.  433,  fig.  2. 

1835.     Littorina  rotundata, ./.  Sow.    M.  C.  Index,  vol.  vL,  p.  246. 

1842.    Littorina  pungens,  Leym.  (non  Sow.).      Mem.  Soc.  Geol.  dc 
France,  t.  v.  p.  31. 

1842.     Natica  Clementina,  d'Orh.    Terr.  Cret.  II.  p.  154,  pi.  172,  fe.  4. 

1849.     Natica  Clementina,  Pkt.  ct  B.r.     Gr^s  Vert«,  p.  179,  pi.   17, 
%1. 

1849.  Natica  ervyna,  Picf.  et  Rx.  (non  (VOrh)  Gr^s.  Verts,  p.  180, 

pi.  17,  fig.  2. 

1850.  Natica  rotundata,  (VOrh.     Prodr.  II.,  Et  cenomanien,  p.  150. 

1250.    Natica  Clementina,  (VOrh,    Prodr.  II.,  Et  albien,  p.  129. 

1865.    Natica  rotundata,  Sow.    In  Briart  and  Cornet^  p.  24,  pi.  II. 
fig.  19,  20. 

The  alove  synonomy  was  worked  out  by  Prof.  Renevier  in 
1856  and  published  in  the  "  Bulletin  de  la  Soci^t^  vaudoise  des 
Sciences  Naturollcs/'  vol.  v.,  p.  54.  He  points  out  that  Forbes 
(Quart.  Journ.  Geol.  Soc,  vol.  i.,  p.  346)  had  united  Ampuliaria 
hevU/ata,  Desh.,  with  Tiivho  rotundatus.  Sow.,  but  that  ne  him- 
self, after  an  examination  of  the  type  specimens,  was  satisfied 
that  they  were  distinct ;  the  fonner  occurring  in  the  Aptien  of 
France  and  in  the  Lower  Greensand  of  England,  while  the  type 
of  T.  votundatus  came  from  Blackdown.  He  also  assured  himself 
that  the  latter  could  not  be  distinguished  from  the  Clementina 
of  d'Orbigny,  but  was  the  same  species,  Sowerby's  name  thus 
having  the  priority. 

He  also  remarks  that  the  N.  ervyna  of  Pictet  and  Roux  is  not 
the  species  so  named  by  d'Orbigny,  but  closely  corresponds  with 
specimens  of  the  English  T.  rotundata. 

He  accepts  the  dictum  of  Forbes  {loc.  cit.)  that  Littorina 
puiigens,  Sow.,  is  a  distinct  species. 

As  Prof  Renevier  wrote  after  a  careful  examination  of  En^Ush 
and  Continental  types,  we  are  disposed  to  accept  his  conclusions, 
which  should  banish  the  name  N.  Clementina  trom  modern  lists. 


Cardium  gentianum,  So^v. 

1812.        Cardita  tuberculata,  Sow.,  Min.  Con.  vol.  ii.  p.  97,  pi.  143. 
1829.        Cardium  gentianum,  Sow.^  Min.  Con.  vol.  vi.  p.  242. 

1843-47.  ?  Cardium  Moutonianum,  d'Orh.,  Pal.  Franc,  vol.  iii.  p.  34, 

pi.  248. 

This  shell  was  originally  described  by  Sowerby  as  a  Cardita, 
the  specimen  being  obtained  "from  the  micaceous  sand  cut 
through  in  making  the  Devizes  Canal "  and  lent  to  him  by  Mrs. 


Gent.  Later,  however,  he  ascertained  that  it  was  a  Cardium 
and  renamed  it  gentia^mum  (see  Index  to  Sowerbv,  vol.  vi.  p.  242). 
D'Orbigny  appears  to  have  been  unaware  of  this  correction 
and  renaming,  for  he  identifies  his  Ca/rcUwin  Tnoutoniannin  with 
Sowerby's  Ca/rdiUi  tnbercxdata,  but  says,  "  in  placing  it  in  the 

fenus  Cardium  we  cannot  preserve  his  specinc  name  because 
innseus  described  a  Cardtuvi  tubetx^iUaiivm."  It  may  be  a 
question,  however,  whether  Tnautonianum  is  really  identicisil  with 
gentianum ;  only  comparison  of  the  tjrpes  can  decide  this. 

Cardium  gentianum  is  only  known  from  casts  which  have 
been  squeezed  by  vertical  pressure  into  the  external  mould  of  the 
shell  after  the  solution  of  the  latter.  Its  ornamentation  is  con- 
sequently not  very  clear,  but  it  would  seem  that  the  rows  of 
tubercles  were  largest  on  the  posterior  side  of  the  shell  and  were 
much  smaller  and  closer  set  on  the  anterior  side. 

C.  proboscideum  (Min.  Con.  Tab.  156,  f.  1)  is  nearly  allied,  but 
diflers  in  having  strong  spiniferous  ribs  all  over  the  shell,  two 
smaller  ribs  with  frequent  spines  alternating  with  single  strong 
ribs  with  larger  spines.  This  species  is  at  present  only  known 
from  the  Blackdown  beds. 

Lima  parallelA,  dU}rb.  non  Sow, 

1829;    ?  Plagiostoma  elongata,  Satv,  Min.  Con.,  YoL  vi,  pL  659,  fig.  2. 

upper  figure  onlv, 
1843-47.  Lima   parallela,   d^Orbigny,    Pal    Fr.  Terr.  Cret  p.  539, 

pi.  416,  fiffs.  11-14. 
Lima  parallela,  of  many  authors. 

TTiis  Limn,  which  is  the  common  form  met  with  in  the  Gault, 
has  for  many  years  been  known  as  "  Li-nui  parallela '*  in  con- 
sequence of  d'Orbigny  having  included  Sowerby's  twp  species, 
Modiola  parallela  (Min.  Con.,  pi.  9),  and  Plagiostoma  elongata 
in  one  species. 

Sowerlby's  PUifjiostonui  elongata  (loc.  cit.)  includes  two 
specimens  (now  in  the  British  Museum);  the  lower  figure 
represents  one  from  the  Chalk,  and  does  not  concern  us  at 
presjBnt.  The  specimen  indicated  by  the  upper  figure  is  from 
l^^olkestone,  and  is  in  a  dark  greenish  grey  sandy  rock,  with  many 
chloritic  CTains,  a  matrix  corresponding  with  the  -4,  mummiUatus 
beds  at  the  base  of  the  Gault.  There  are  no  other  examples  of 
this  fossil,  from  the  same  horizon,  in  the  British  or  Jermyn  Street 
Museums.  The  specimen  itself  being  only  an  internal  cast,  and 
conseauently  showing  none  of  the  external  character,  is  very 
difficult  to  compare ;  out  it  agrees  very  well  with  external  casts 
from  other  parts  of  the  Gault,  which  are  undoubtedly  the  same 
iis  d'Orbigny's  L.  j^arallela,  and  it  is  highly  probable  that  it  is 
the  same  species.  One  hesitates,  however,  to  place  the  two  forms 
together  until  additional  evidence  has  been  obtained  from  the 
A,  mavumiUatus  beds.  And  it  seems  better  not  to  disturb  the 
nomenclature,  as  Mr.  Woods  will,  before  long,  have  to  study 
these  forms  for  his  Memoir  in  the  Pala3ontographical  Society  s 

Sublications,  but  to  let  the  name  remain  as   Lima  parallela 
'Orb.  non  Sow. 
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The  common  Gault  shells  mcluded  m  the  latter  name  are 
found  both  at  Folkestone,  Black  Ven,  and  other  localities,  and 
have  been  well  described  by  d'Orbigny.  These  shells  have 
ancfular  ridges,  less  strongly  developed  anteriorly  than  posteriorly, 
ana  the  entire  surface  ornamented  with  longituainal  lines  cross^ 
by  lines  of  growth.  Many  specimens,  although  apparently  quite 
perfect,  do  not  show  the  longitudinal  lines.  Even  the  best  pre* 
served  shells  show  no  thread  line  at  the  bottom  of  the  groove. 

Sowerby's  type  of  Modiola  'parallela  (Min.  Con.  pL  9)  is  in  a 
coarse  darkish  sandstone,  ana,  although  little  more  than  an 
internal  cast,  presents  characters  which  on  comparison   with 
specimens  from  the  Lower  Greensand  of  Lympne  and  Sandgate, 
leave  no  doubt  as  to  their  being  the  same  form :  and  as  one  or 
two  of  these  have  parts  of  the  shell  preserved,  presenting  cha- 
racters distinct  from  the  Gault  species,  Jknown  as  timut  pantllela, 
d'Orb.  non  Sow.,  it  is  necessary  to  keep  them  as  distinct  species, 
as  was  done  by  Sowerby.     The  Lower  Greensand,  Lima  {MckUoUi) 
parallela,  Sow.,  has  angular  ridges,  which  become  almost  obsolete 
on  the  anterior  part  of  the  shell,  and,  indeed,  cannot  be  seen  on 
some  of  the  internal  casts.     Posteriorly,  both  at  the  siunmit  of 
each   ridge  and  at  the  bottom  of  each  groove  there  is  a  well- 
marked  tnread-like  line,  but  these  threads  are  not  seen  at  the 
anterior  part  of  the  shell. 

It  is  highly  probable  that  Liina  cotUddina  of  d'Orbigny  (Pal. 
Fr.  Terr.  Cret.  p.  537,  pi.  416,  figs.  1-5, 1843-47)  is  the  same  as  the 
ModioUi  2)aratlela  of  Sowerby  (1812). 

There  is  a  L'mi<i  of  this  same  type  in  the  British  Museum  from 
the  Greensand  of  Blackdown,  which  has  strongly  angular  ribs, 
and  on  the  posterior  part  of  the  shell  a  distinct  thread-line  at 
the  bottom  of  the  groove,  but  anteriorly  the  thread  is  replaced 
by  two  or  more  line  lines ;  indeed,  this  shell  seems  to  agree  with 
what  we  now  know  of  the  characters  of  Linia  {Modiola)  paraUeJ/iy 
Sow.,  and  Lima  cottaldina,  d'Orb.,  from  Lower  Greensand 
horizons,  and  it  will  be  extremely  interesting  if  we  find  this 
species  reappearing  in  the  Upper  Greensand. 

LUCINA   (ErIPHYLA)  LENTICULARIS,   Ooldf. 

1834-40.    Lucina  lenticularis,  Goldf.,  Petref.  Germ.,  p.  226,  Tab.  146, 

f.  16. 
1840-42.     Lucina  Reichii  and  L.  circularis,  Gein.  Charact.  der  Schichten 

&c.,  11.  p.  49,  Taf.  16,  f.  7,  and  III.  p.  76,  Taf.  20,  f.  4. 
1841.    Lucina  Reichii  and  L.  lens,  Rcenier,  Norddeutsch.    Kreid. 

p.  73,  Taf.  9,  fig.  14,  15. 
1843.     Lucina  lenticularis,  Geinitz,  Verstoin  von  Kiesl.,  p.  13,  Taf.  2 

figs.  4-6. 
1846.     Lucina  lenticularis,  Reuss,  Bohni.  Kreidef.  II.  p.  4,  Taf.  33, 

figs.  20-23  ;  Taf.  37,  f.  17  ;  Taf.  41,  f.  10. 

1871.  Krij>liyla  lenticularis,  Stolicska,  Cret.  Pelecy[X)da  of  South 

India,  p.  181,  pi.  6,  figs.  7-13. 

1872.  Eriplivla  lenticularis,  Geinitz,  Das  Elhthalge.  in  Sachsen,  II. 

1>.  62,  Taf.  17,  f.  1,  2. ;  Taf.  18,  fig.  1,  2. 

The  shell  which  we  refer  with  some  doubt  to  the  above  species 
is  not  uncommon  in  the  zone  of  Am.  rostnttus,  but  has  not 
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hitherto  been  identified.  We  are  by  no  means  sure  that  it  is 
the  Lucina  lenticularia  of  Qoldfuss,  but  a  comparison  of  the 
best  specimens  with  the  excellent  figures  of  Reuss  and  Geinitz 
has  suggested  the  possibility  of  the  identification.  It  is  nearly 
orbicular,  but  compressed,  shell  thin  and  concentrically  striated, 
umbones  rather  pointed  and  curved  forward.  In  the  softer  sands 
specimens  are  sometimes  distorted.  The  shell  varies  in  size 
according  to  age  and  habitat  from  fths  of  an  inch  to  IJ  inch 
across. 

L.  lenticularis  differs  from  Astarte  striata,  Sow.,  which  is 
probably  also  a  Lucina  or  Eriphykty  in  the  much  less  con- 
vexity of  its  valves,  a  character  which  specimens  from  tlie  hard 
grey  sandstone  of  Potteme,  near  Devizes,  show  to  bo  natural  and 
not  the  result  of  compression. 

When  crushed  it  is  not  easy  to  distinguish  the  shells  which 
we  believe  to  have  been  Lucina  from  individuals  of  Cytherea 
caperata,  Sow. 

The  shell  fibred  by  Pictet  and  Roux  under  the  name  of 
Astarte  dupiniana  may  possibly  be  the  same  as  our  Lvx^ina, 


PeCTEN  ELONGAITJS,  Lam. 

There  are  two  forms  of  Pecten  in  the  Upper  Greensand  which 
have  been  referred  to  this  species,  and  about  which  there  is  much 
uncertainty ;  for,  in  the  first  place,  we  are  doubtful  whether  they 
are  distinct  or  are  only  varieties  of  one  species,  and,  in  the  second, 
we  are  still  more  doubtfiil  whether  either  of  them  can  be 
identified  as  the  P.  elonaatus  of  Lamarck. 

The  one  form  is  in  all  probability  that  figured  by  Goldfuss  in 
1834  imder  the  name  of  P.  creto&us ;  but  as  that  name  had  been 
applied  previously  by  Defrance  to  another  species,  Roemer  in 
1841  proposed  the  name  of  criapus  for  the  snell  described  by 
Goldfuss. 

The  other  form  bears  great  resemblance  to  that  figured  by 
Sowerby  in  1822  (Min.  Conch.,  PL  370)  under  the  name  of 
P.  obliquus,  but  as  the  type  of  this  is  not  in  the  British  Museum 
we  have  not  been  able  to  compare  the  actual  shells. 

Both  these  forms  possess  numerous  ribs,  which  are  mostly 
arranged  in  groups  of  three — one  large  median  rib  with  two 
smaller  laterals,  but  sometimes  there  is  only  one  lateral.  All 
the  ribs  are  ornamented  with  close-set  scale-like  imbrications. 
The  two  forms  differ  chiefly  in  the  number  of  the  ribs,  in  their 
regularity,  and  in  the  prominence  of  the  scales. 

Geinitz  (Elbthalg,  m  Sachsen  I.  Taf  44,  f.  2-4)  figures  under 
the  name  of  P.  eUmgatas  what  seems  to  be  an  extreme  form  of 
this  species  or  group,  with  very  numerous  ribs ;  but  we  cannot 
accept  his  synonomy,  and  he  does  not  discuss  the  name. 

We  may  add  that  the  P.  elongatus  of  d*Orbigny  is  unlike 
either  of  our  shells,  and  was  by  himself  admitted  to  be  distinct 
from  the  P.  crispus  of  Goldfuss  {see  Prodrome  II.,  p.  169). 

1080.  2  F  2 
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It  may  possibly  be  found  desirable  to  adopt  the  name  o( 
P.  crispus  JOT  one  or  both  of  the  shells  we  have  in  view,  but  for 
the  present  that  of  P,  elongatus,  which  has  been  so  long  in  use, 
is  allowed  to  stand. 


PeCTEN  HISPIDUS,  Ooldf. 

1834.    Pecten  hiapidus,  Gold  fuss.     Pet.  Genn.  II.  p.  59,  Taf.  94,  f.  4. 

1850.    Pecten  hispidus,  cVOrbigny.    Prodr.  11.  p.  169. 

1872.    Pecten  hispidus,  Geinitz.    Elbthalg.  in  Sacbaen,  p.  197,  pi.  44, 
f.  9,  10. 

We  believe  that  Prof  Barrois  was  the  first  to  identify  this 
Pecten  both  in  France  and  in  England.  Ho  records  it  from  his 
zones  of  Arti.  rostratus  and  Pecten  txsper  (Gaize  and  Sables  de  la 
Hardoye)  in  the  Ardennes,^  and  in  England  from  the  equivalent 
of  the  Gaize  at  Liilworth  and  in  the  Isle  of  Wight.- 

This  species  is  from  li  to  2  inches  in  Icngtb,  ornamented  with 
numerous  narrow  ribs,  which  lK?ar  at  intervals  sharp  triangiUar 

Sointed  scales  or  spines.  Goldfiiss  describes  the  interspaces  as 
at  and  smooth  (pin  n  is  UvUtvs),  but  his  enlarged  figure  shows  a 
faint  oblique  striation  near  the  sides  of  the  snell.  This  is  also 
perceptible  in  some  English  specimens. 

Gemitz  gives  fairly  good  figures  of  this  species,  some  of  them 
showing  the  sharp,  erect,  short  spines  very  clearly ;  though  his 
enlarged  view,  being  drawn  as  seen  from  above,  does  not  show  theiu 
well ;  but  he  says  the  ribs  boar  erect  scales  placed  at  moderate 
distances  apart. 

This  is  the  shell  described  by  one  of  us  in  1886  under  the  name 
of  Pecten  sp.,^  and  we  can  now  state  that  Mr.  W.  Hill  obtained 
an  example  of  it  from  the  Cenomanian  of  Lizores  (Orne,  France). 


»  Terrain  Oretace  des  Ardennes,  pp.  303  and  324  (1878). 

2  llecherchea  sur  le  Terr.  Cret.  de  I'Angleterre,  pp.  91  and  106  (1876). 

^  Quart.  Journ.  Geol.  Soc,  vol.  lii.  p.  152. 


APPENDIX. 

B.— GENERAL  LIST  OF  FOSSILS  FROM  THE 
SELBORNIAN  OR    GAULT  AND  UPPER    GREENSAND 

OF  ENGLAND. 

The  following  catalogue  has  been  compiled  from  many 
sources.  In  the  first  place  it  includes  all  the  local  lists  which 
have  been  given  in  the  text  of  this  volume,  and  all  the  species 
which  have  been  specially  collected  by  Mr.  J.  Rhodes  and  by 
myself,  and  determmed  by  Messrs  George  Sharman  and  E.  T. 
Newton  during  the  progress  of  the  work  on  which  this  memoir 
is  based. 

For  the  fossils  of  the  Gault  of  Folkestone  (other  than 
Entomostraca  and  Foraminifera)  our  authority  is  Mr.  F.  G. 
Hilton  Price,  whose  lists  were  published  in  the  Quarterly  Journal 
of  the  Geological  Society  (vol.  xxx.,  p.  342),  and  in  his 
subsequent  little  treatise  on  the  Gault  (1879).  The  Foraminifera 
of  the  Gault  have  been  the  subject  of  a  series  of  papers  by 
Mr.  F.  Chapman  in  the  Journal  of  the  Royal  Microscopical 
Society  (from  1892  to  1898),  with  a  classified  list  in  the 
cojicluding  paper  of  the  series.      A  list  of  the  Entomostraca  was 

Sven  by  Messrs.  Chapman  and  Sherbom  in  the  Geological 
agazine  (Dec.  8,  vol.  x.,  p.  345). 

Lists  of  the  fossils  of  the  Red  Chalk  have  been  given  by 
Messrs.  H.  G.  Seeley,  T.  Wiltshire,  W.  Whitaker,  W.  HUl  and 
others,  and  its  Foraminifera  have  been  recorded  by  Messrs. 
Burrows,  Sherbom  and  Bailey.  These  lists,  so  far  as  they 
related  to  Himstanton,  were  combined  and  added  to  by  myself 
in  a  memoir  on  the  Borders  of  the  Wash  (Mem.  Geol.  Survey, 
1899).  For  the  present  memoir  all  the  lists  have  been  consulted 
again. 

The  entries  of  Blackdown  and  Haldon  fossils  are  chiefly  from 
the  revised  list  given  by  the  late  Rev.  W.  Downes,  in  Quart. 
Joum.  Geol.  Soc,  vol.  xxxviii.,  p.  75,  supplemented  by  the  lists 
from  Sidmouth  and  Haldon  given  in  chapter  xiv. 

The  nomenclature  of  the  Polyzoa  stands  in  nuich  need  of 
revision,  but  this  has  been  undertaken  by  Dr.  J.  W.  Gregory, 
and  we  could  do  no  more  than  (juote  the  lists  which  have  been 
published  by  the  late  Mr.  G.  R,  Vine. 

The  list  of  Corals  is  based  on  the  lists  given  by  Duncan  in 
his  Supplements  to  the  Pal.  Soc.  Monograph  on  the  It'ossil  Corals, 
but  we  have  accepted  the  important  corrections  and  additions 
made  by  Mr.  R.  F.  Tomes  in  the  Geological  Magazine  (1885  & 
1899). 

The  list  of  Sponges  is  taken  from  thr.t  given  by  Dr.  G.  J.  Hinde 
in  his  Illustrated  Catalogue  of  the  Cretaceous  Sponges  in  the 
British  Museum. 

An  endeavour  has  been  made  to  indicate  the  localities  or  districts 
in  which  each  species  has  been  found,  so  far  as  they  ai'e  known  to 
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US,  letters  being  used  as  abbreviations  of  the  names  of  places  and 
counties ;  these  are  as  follows : — 


Be.  Bedfordshire, 

Bb.  Berkshire, 

fiu.  Bucks. 

BL  BlackdowD. 
BV.  Black  Ven,  Dorset. 

])e.  Devizeit. 

l)ev.  Coast  of  Devon. 

Dn-.'.  Dorset. 

E.  Eastbourne. 

K.  Folkestone. 

Go,  Golden  Cap. 

Ha.  Hants. 


Nor.  Norfolk. 

Pnn.  Punfield. 

B.  Rinfrmer, 

S.D.  South  Dorset. 

Hu.  Surrey. 

Sid.  Sidmoutb. 


HI.  Haldon. 
Hun.  Hunstanton. 
IW.  Isle  of  Wight. 
LB.  LjTne  Be^fis. 
Li.  Lincolnshire. 
Lul.  Lul  worth. 
Kent. 

Bradley  in   i 

Wilts.  I  WD     West  Dorset. 

Mel.     Melbury,     near  War.    Warminster. 

Shaftesbury.  Yo.      Yorkahire  Wolds. 

N.D.  North  Dorset  H 

N,B. — The  column  headed  "  Cambridge  Greensand  "  includes  the 
derived  fossils  only. 
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„       Kentiah  Towu,  370 

„      Loughtou,  370 
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Hrahoume  Leea,  84 
BracluoiHida,  49,  60, 64 
Unwquegniea,  nieule  de  364 
Hra^ishot,  104,  106 
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Cherhill.  273 
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Chert,  64,  326,  357,  369,  434 
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Corbviii  eliqan*,  50,  76 
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Cullum  Goyle,  222 

Culver  cliff,  I3fi 

Uunnington,  W.,  247,  2r)2,  259,  2G4, 

Currents  in  Scihoniiaii  sea,  412 
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/,■/■/; /«'«-///.A(H  di^iUK.  68 

(      (M)  ■ 

:  EcnnoniicM,  419 
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Hinxworth,  320 

Histon,  292 

Hitchin,  46,  320 

Hogsback,  flexure  of  the,  5,  9,  10 
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Hood,  J.,  213 


Hooks,  174 

Hooken  cliffs,  199,  207,  365 

Hoplomiria  loiiglnmnn^  52 
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„  sulcatti^,  60,  69,  71,  78, 

84 
Ipswich,  borings  near,  372 
Ireland,  Greensand  of,  408 
Iron  8and,  17,  19 
Isle  of  Wight,  126,  421 
Iweme  Minster,  158,  161,  440 

Jasper,  222 
Jerea  nebsteriy  68 
Jeffreys,  J.  Gwyn,  413 
Johnstone.  Dr.  W.,  320,  321 
Judd,  Prof.  J.  W.,  368 

Kateshill,  287 
Keeping,  H.,  290,  291 
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Rhabdoliths,  3:U,  339 
Rhodes,  J.,  130,   139,  140,  194,  198, 

206,  240 
Khynchon^lla  ditnidiatay  65  (Fig.),66 

„    var.  convexay  66 
grdsiatuiy  65  (Fig.),  66 
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„  Beannvonti,  66 

Ttrebrlrostra  lyra,  66 
Tetswortli,  276 
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Treniacystin  Orhifjnyi^  68 
Trigonm  a//r%/-wi//»,  59 (Fig.),  <30, 107 
"  203,  217 
ijfinis,  218 
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